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ANNUAL MEETING OF AMERI- 
CAN WELDING SOCIETY 


The annual meeting of the Society, 
held on April 22, 23 and 24, marks 
another milestone of progress in the 
affairs of the Society. 

The report of the Director of the 
research department of the Society 
(American Bureau of Welding), 
brought out strikingly the progress 
made in this direction. There are 
fewer committees than in former 
times but the projects are ey and 
of greater importance. The Bureau 
has become a dominant factor in 
cooperative welding research in this 
country. On the other hand, the 
possibilities for still greater service 
are enormous, as is also the possi- 
bilities in the field of private research 
by individual companies and the de- 
velopment of welding patents by 
them. 

The popularity of the annual dinner, 
which as yet is the only social event 
of the annual meeting of the Society, 
is indieated by the attendance. An 
opportunity to get together at a time 
when there is no serious business at 
hand is very much appreciated and 
the officers of the Society hope to 
provide still greater opportunities for 
“play” as well as “work” at the fall 
meeting in Boston. 

One of the outstanding features of 
the annual program is the inspection 
trip. Fortunately the Society was 
able to arrange a trip through the 
Bayway Plant of the Standard Oil 
Company. Those that were able to 
go on this trip were well repaid for 
the time that was spent. A complete 
description is given elsewhere in this 
JOURNAL. As announced in previous 
issues, the technical session was de- 
voted to a symposium on the two gen- 
eral subjects. 

1. Inspection and testing of welded 
products in a wide variety of in- 
dustries, and 

2. Checking and testing the skill 
of welding operators to perform 
these different jobs. 

Papers were secured from a num- 





ber of industries. Unfortunately 
there was not enough time left for 
the discussion of these papers and 
as it was announced at the meeting, 
the Meetings and Papers Committee 
would welcome a careful critical re- 
view of these papers and the discus- 
sion of any or all of them by every 
member of the Society. The first 
series were printed in the April issue 
of the JOURNAL and the remainder 
will be printed in the June issue. 

It seemed to be the general con- 
sensus of opinion of the authors that 
in the past too much responsibility 
was placed upon the welder, as in 
many cases the design, selection of 
materials and methods of technique 
were left in his hands. At ‘the 
present time the tendency is to hold 
the operator responsible only for the 
manipulation of the torch or elec- 
trode; the other factors being gov- 
erned by designers, engineers and the 
research laboratories. Methods of 
inspecting and testing the work differ 
with each industry. A number of 
important changes were made in the 
standing committees of the Society. 
In the Meetings and Papers Com- 
mittee, Mr. R. L. Shepherd of the 
Electrical World replaces Mr. K. H. 
Condit, who has found it necessary to 
resign. In the Membership Commit- 
tee, Mr. C. A. McCune, who has re- 
cently been promoted by the Ameri- 
can Chain cag to the post of 
Research Director, has resigned and 
has been replaced by Mr. J. J. 
Flaherty, formerly of the Boston 
Elevated Railway, and now Sales 
Engineer of the Page Steel and Wire 
Company. Mr. C. A. McCune con- 
tinues to serve as Treasurer of the 
Society. 


INSPECTION TRIP 


A party of about ninety members 
went to Newark by the Hudson and 
Manhattan tubes, where they were 
met by two large public service buses 
provided by the Society. The party 
was conveyed to the Bayway plant of 
the Standard Oil Company in Eliza- 
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Members of the American Welding Society on inspection 


divided into two 


beth and were 
groups, one going to the shops and 
the other to the “field.” The trip was 
under the direct supervision of Mr. 
W. G. McCullam, assistant general 
superintendent of the Bayway refin- 
ery. In the boiler shop, tanks, drums 


and other containers are sheared, 
rolled, punched, riveted and welded. 
At the time at which the inspection 
party went through 2-in. plates were 
being rolled into drums 6 ft. in diam- 
eter and 40 ft. long. The drums are 
called soaking drums and are used 
in the process of “cracking” the crude 
oil. The drums are made of alternate 
large and small diameter sections, the 
difference in diameter being twice the 
thickness of the plates, the larger 
sections are shrunk on the ends of the 
smaller sections and then riveted. 
After being riveted the fillets are arc- 
welded and the job is tested by hy- 
draulic pressure to 750 Ib. per sq. in. 
The working pressure of this appara- 
tus is about 350 Ib. per sq. in. at sev- 
eral hundred degrees temperature. It 
is also interesting to note that the 
longitudinal seam is double vee welded 
for a distance back from the edge 
equal to the depth of building on the 
heads before the heads were riveted 
into place. 

In the welding shop we saw smali 
tanks being fabricated and repaired, 
and a great deal of general repair 
and maintenance work. Both electric 
and oxy-acetylene were being exten- 
sively used here. Outside of the weld- 
ing shop we saw huge stills being 
riveted. Here, as in the case of the 
soaking drums, all the caulking edges 
were electric welded to insure tight- 
ness. All fittings, nozzles, etc., were 
riveted to the still and then welded to 
insure tightness. 

The field welding shop afforded an 


excellent opportunity to study the oxy- 
acetylene welding process. Headers 
were fabricated out of wrought iron 
pipe by notching out an end and bend- 
ing the remaining edges together and 
welding them up. Then holes were cut 
in the side of the pipe and from six 
to ten flange connections welded in. 
These headers were held in a jig dur- 
ing the welding and the flange con- 
nections were strapped in place and 
then tacked and welded. 

The method employed at the Be~- 
way plant on a header made of 6-in. 
pipe, about 12 ft. long, having 11 4-in. 
outlets, is to prepare the 6-in. pipe, 
cutting the hole to the outlets, bevel- 
ing the edges for welding, scalloping 
the ends of the pipe for closure and 
then clamping the header pipe to a 
heavy 12-in. I beam. The outlets with 
flanges attached are lined up on top 
over their respective openings and 
clamped to a steel plate, which holds 
the flanges horizontally and at a uni- 
form level. The welder starts, say, at 
one end, welds an outlet and then 
skips to another, welds that, back to 
another outlet, and so on until fin- 
ished. In other words, he does not 
weld the outlets in rotation, as they 
have found the springing or warping 
is reduced by not localizing the heat 
too long in one space. 

When the job is finished, the clamps 
are released and the header allowed 
to take its natural position. If it 
springs up too much it is heated at 
the proper point and drawn down t 
the I beam again and allowed to coo! 
In substantially this manner they ar: 
able to make practically perfect job 
so far as observation showed. 

The crude still batteries furnish: 
another striking example of the desi’ 
ability and adaptability of weldin: 
As the gases accumulate from the di 




















trip to Bayway Plant, Standard Oil Co., 


tillation process they are led off in 
large pipes. These hot vapor lines 
were formerly made up of pipe 
flanged and bolted together. Now, 
however, the practice is to weld the 
pipes together (the oxy-acetylene 
process is used here) and it not only 
made a neater job but it also was 
stronger and better in every way. 
The cost of the welded vapor line was 
materially lower than that of the 
flanged line and there was no trouble 
caused by leakage. 

Another interesting example of 
welding came to light in the Octo Fil- 
tering Building, where Octo, a very 
highly refined oil for medicinal pur- 
poses, was being produced. Here all 
the pipe lines running from the stills 
were welded. The lines were mani- 
folded so that the oil was distributed 
into large vats with numerous com- 
partment sub-divisions. Here again 
the neatness of the welded line and 
the ease of manifolding and of making 
special fittings, etc., and longevity of 
the weld has demonstrated its supe- 
riority. 

Probably one of the most unusual 
and remarkable examples of en- 
gineering skill was evidenced in the 
6-in. internal fire tubes used in the 
oil stills. The joints in these tubes 
are made by silghtly expanding the 
end of one tube and forcing the other 
(of equal diameter) into it. This 
process is done with a special hy- 
draulic ram designed by the Standard 
Oil engineers and capable of exerting 
a pressure of 40 tons per sq. in., 
which is the pressure required to 
force the two tubes together. The 
second tube is forced into the first for 
a distance of several inches and then 
the external lap is electric welded at 
the caulking edge. It has been found 
that this joint will outlast any other 
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previously employed and is very sim- 
ple to make. 

Welding at the Bayway plant is at 
a very high state of development and 
has increased remarkably during the 
last year and a half. All welding is 
performed under careful supervision 
and time schedules are prepared for 
each standard job. 


WELDED RAIL JOINTS 


The portion of the Journal that 
is usually devoted to technical papers, 
items and reports in this issue is given 
over entirely to the third progress 
report of the welded rail joint com- 
mittee. 

Very few of our members realize 
the enormous amount of work that is 
being done by the various research 
committees of the Society. We urge 
that all members read this report 
carefully, as much valuable informa- 
tion is contained therein. The street 
railway industry is one of the largest 
users of welding. It is hoped that 
through the efforts of the committee 
an improvement will be brought about 
in making joints which will result in 
a greater life of the joint and inci- 
dentally in the saving of millons of 
dollars annually to the street rail- 
ways. 


PAPERS TECHNICAL SESSION 


A number of the papers presented 
at the technical session of the annual 
meet‘ng of the Society were printed in 
the April issue of the Journal. The 
remainder will be printed in the June 
issue. 

This editorial is to urge all mem- 
bers of the Society to study these 
papers very carefully and to send in 
a discussion of any or all of them. 
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FALL MEETING TO BE HELD IN 
BOSTON 


At the meeting of the Board of 
Directors held during the annual 
meeting of the Society, it was decided 
to hold the fall meeting in Boston. 

Several new features are to be 
tried out at this meeting. An ex- 
position will be staged at the Massa- 
chusetts Institute of Technology on 
welding apparatus and welded prod- 
ucts. The space is being furnished 
through the courtesy of the Institute, 
and the present plans are to have at 
least 20,000 people to see the exhibi- 
tions during the three days of the fall 
meeting. Six technical papers will be 
scheduled and ample time will. be 
provided for a discussion by all those 
interested. Papers will be printed in 
advance and sent out to all members. 
Further details will be announced in 
the next issue of the JOURNAL. 


PRESIDENT’S ANNUAL REPORT 


It is now a year since you honored 
me by electing me President, and I 
wish to express at this time my ap- 
preciation for the many eourtesies 
which have been extended to me 
throughout the year by the members 
at large. The service I may have 
rendered is not to be measured with 
the same yard stick as the benefits I 
have gained through the close asso- 
ciation with eminent men, and I 
might truly say that I envy my suc- 
cessor. 

You expect at this time some state- 
ment showing what has been accom- 
plished during the year, and this can 
be based on many conceptions as to 
what is most important in the growth 
of an organization like ours. You 
might measure the development by the 
increase of membership or by the out- 
standing accomplishments relating to 
the industry. or by what service it has 
rendered to its members and the in- 
dustries it has associated with. 

The executive committee during the 
past year has had presented to it prob- 
lems entirely different from those of 
previous years, and we believe it is in 
the solving of these problems or the 
arrangement for solving of these prob- 
lems that we can best judge the suc- 
cess of the work done during the past 
year. The most outstanding of special 
problems is to be found for instance 
in the cooperation with the American 
Electric Railway’s Association and 
other associations, in problems of 
welding wire specifications; the coop- 
eration with the Tank Manufacturers 
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Association, and the cooperation with 
the boiler code committee, and the 
American Society of Mechanical En- 
gineers, in the drawing up of proper 
rules for the fabrication of boilers 
and pressure vessels by welding; in 
the formation of an educational com- 
mittee with the purpose of supplying 
industries with reliable fundamental! 
information in the art of welding in 
all its methods; the holding of weld- 
ing exhibits has also been carefully 
considered, as have many other im- 
portant matters. 

In the research field the American 
Welding Society stands foremost 
among organizations of its kind. We 
are spending more on research per 
member and have to our credit more 
accomplishments than any other sim- 
ilar organization. Confirmation of this 
statement is readily found in the 
annual report of the Director of the 
American Bureau of Welding, Pro- 
fessor C. A. Adams, and we sincerely 
hope that in the year to come with the 
increased support of the welding in- 
dustry this research work may be ex- 
panded, and may include not only in- 
vestigations in connection with struc- 
tural welding, but the many other 
branches of the industry which as yet 
have not the desired foundation on 
which to build. 

From the financial standpoint we 
are today in the best condition that 
this society has enjoyed since its or- 
ganization. Yet, while we are in good 
condition, it has been accomplished 
by refraining from carrying on work 
which is both needed and desirable, 
and it is to be hoped that much addi- 
tional money will be secured in the 
next year to meet the proper expan- 
sion of our work. 

From the standpoint of member- 
ship, a very encouraging gain has 
been made during the year, but not 
equal to that anticipated by the exec- 
utive committee. Many suggestions 
have been made to increase the mem- 
bership, the simplest one, that of each 
member securing another new mem- 
ber. Many members have to thei! 
credit the securing of one or more 
members, yet the larger proportion of 
our members have not shown any ac 
tivity in this direction, which is rathe: 
strange, when it is clear that the in 
dividual member’s gain to himself i 
vastly improved by the added strengt! 
given the society due to an increase i! 
membership. 

The meetings of the local sections a 
large have this year presented bette: 
programs, but in many cases evé 
with these better programs the at 
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tendance has been small. Much help 
can be obtained from our national or- 
ganization if requests for assistance 
are made. Here I might suggest that 
at least a portion of the time at each 
meeting be given over to discussions 
on the following subjects: 

A—Determining the qualifications 
of the welder. 

B—tThe material and its inspection. 

C—Design and layout of the ma- 
terial for welded joints. 

D—Preparation of the material for 
welding. 

E—Welding technique (including 
organization of personnel and se- 
quence of operations). 

F—Method of test of completed job 
and strength and tightness of welded 
joints. 

I would also recommend that type- 
written records be made of the meet- 
ings in order that such discussions as 
take place may be retained and copies 
forwarded to the National Headquar- 
ters, in order that such suggestions 
may be used for the benefit, not only 
for the members present at these sec- 
sa meetings, but to the members at 
arge. 

he Journal of our Society is rapid- 
ly approaching the point of being a 
leading publication, all to the credit 
of our editor, as well as to the mem- 
bers who have freely contributed ar- 
ticles for publication. It is certain 
that the editor would be greatly bene- 
fited in receiving reports from the 
sections on discussions as suggested 
before, as it is well known that much 
of value is obtained in constructive 
discussions. 

The relations between the national 
headquarters and local sections have 
been most cordial. Much credit is due 
to our secretary and the section offi- 
cers for maintaining these harmo- 
nious relations. 

For the most part the monthly re- 
port from the sections have been very 
complete and can only be improved by 
forwarding copies of the discussions 
taking place at the various meetings. 

_ We have to our credit the organiza- 
tion of the Detroit section of our So- 
ciety, with a membership of 33 and a 
very large list of prospective mem- 
bers. The section was_ initiated 
through the efforts of local members 
with help of our vice-president, Mr. 
H. S. Mann, the director of our Chi- 
cago section, Mr. W. S. Slack, and the 
chairman of our membership commit- 
tee Mr. C. A. McCune. While this sec- 
tion is the only one, it is a very 
healthy one. Ground has been laid for 
the formation of other sections which 


we hope will materialize this coming 
year. 

The future of our Society appears 
very bright if we maintain a reason- 
able conservatism, increase our mem- 
bership, and undertake further devel- 
opments and tests, perhaps particu- 
larly connected with the use of weld- 
ing in the structural field. Coopera- 
tion with the various societies with 
whom we are extremely friendly will 
produce results that will not only be 
gratifying but beneficial to our So- 
ciety, and primarily of great benefit to 
our members. 

In closing I wish to take this op- 
portunity of expressing my deep ap- 
preciation to the membership at large, 
and to the finance and membership 
committee, with Mr. C. A. McCune, 
chairman ; the by-laws committee, with 
Mr. A. M. Candy, chairman; the meet- 
ings and papers committee with Mr. 
K. H. Condit, chairman, but particu- 
larly to the members of the executive 
committee who have given freely of 
their time and effort, and who have 
made possible the holding of an exec- 
utive meeting every month, and to one 
of the members of the executive com- 
mittee, who is also vice-president of 
the welding rail joint committee, Mr. 
E. M. T. Ryder, who has to his credit 
100 per cent attendance, and no one 
better than the president can appre- 
ciate what service of this kind means 
to the Society. 

I also wish to extend to Mr. Sprar- 
agen my deep appreciation not only 
for what he has personally done for 
me as president, but for the work he 
has given our society as editor of our 
Journal, and also as a guide in our 
work, and last but not least I wish 
to express on behalf of the Society 
and particularly on my own behalf 
our appreciation to our secretary, 
Miss Kelly, for the wonderful work 
which has been done by her, and 
through her efforts in our office. 


MEMBERSHIP REPORT 


Membership ~~ aC PB 
April 30, 1924..... 52 201 155 275 3 686 
Increase from Ma 

1, 1924 to Mare 

OE, BORO SES oh cess 4 60 75 97 236 


ehtnt« 56 261 230 372 3 922 
Resigned or dropped 
from May 1, 1924 
to March 31,1925 5 25 19 68 117 


6 caw deds 51 235 210 301 3 805 
Making a net gainof ClassB 35 
ClassC 56 
ClassD 29 


Or a total net gain of...... 120 members 





Registered Attendance at Annual Meeting, 
American Welding Society 


Adams, C. A., Pierce Hall, Harvard 
University, Cambridge, Mass. 

Bastable, M., Wilson Welder & Metals 
Co., Hoboken Bldg., Hoboken, N. J. 

Ball, S. S., M. W. Kellogg Company, 
Jersey City, N. J. 

Bates, C. W., Philadelphia Electric 
Co., 1000 Chestnut St., Phila., Pa. 

Beck, W. J., American Rolling Mill 
Co., Middletown, Ohio. 

Bissell, A. G., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

Bleecker, W., Page Steel & Wire Co., 
2629 Grand Central Terminal, New 
York. 

Bowden, R. R., Central Steel Co., 
Massillon, Ohio. 

Boyd, W. R., Burke 

rie, Pa. 

Bruckner, R. E., U. S. Gauge Co., 
44 Beaver St., New York. 

Bureau, A. G., E. G. Budd Mfg. Co., 
25th & Huntingpark Ave., Phila- 
delphia, Pa. 

Card, H. S., The Welding Engineer, 
608 So. Dearborn St., Chicago, Ill. 

Carter, G. O., The Linde Air Products 
Co., 30 East 42nd St., New York. 


Electric Co., 


Campbell, J. A., Rail Welding & 
—— Co., 30° ‘Church St., New 
ork. 


Chapman, G. A., Singer Mfg. Co., 
Elizabeth, N. J. 

Churchward, A., Wilson Welder & 
a Co., Hoboken Bldg., Hoboken, 


Cipperly, E. J., General Electric Co., 
Los Angeles, Cal. 

Condit, K. H., American Machinist, 
10th Ave. at 36th St., New York. 
Cram, R. C., Brooklyn-Manhattan 

Transit Co., Brooklyn, N. Y. 
Crowe, J. J., Air Reduction Sales Co., 
Jersey City, N. J. 
Davis, L. H., The Linde Air Products 
Co., 30 East 42nd St., New York. 
DePew, E., The Welding Engineer, 
New York City. 

D’Espies, A., Welding Service Co., 
380 Church St., New York City. 
Denning, G. M., Air Reduction Sales 

Co., 342 Madison Ave., New York 


City. 
Donald, R. S., Thomson Electric 
Welding Co., New York City. 


Ensworth, D., Struthers-Wells Co., 
New York City. 

Ewertz, E. H., Bethlehem Shipbldg. 
Corp., Moore Plant, Elizabeth, N. J. 

Farmer, E. W., A. S. M. E. Boiler 
Code Committee, Providence, R I. 

Farmer, F. M., Electrical Testing 








Laboratories, 80th St. & East End 
Ave., New York. 

Fehr, R. B., Rail Welding & Bonding 
Co., Cleveland, Ohio. 

Flaherty, J., Page Steel & Wire Co., 
Bridgeport, Conn. 

Gailor, C. F., Consulting Engineer, 
30 Church St., New York. 

Guerin, B. C., Wilson Welder & 
Metals Co., Hoboken, N. J. 

Greene, T. W., The Linde Air Pro- 
ducts Co., 30 East 42nd St., New 
York. 

Hanhausen, E., M. W. Kellogg Go., 
Jersey City, N. J. 

Hannah, R., Moore Plant, Bethlehem 
Shipbidg. Corp., Elizabeth, N.J 
Hecker, G. C., American Electric 
Railway Ass’n., 292 Madison Ave., 

New York. 

Heinrich, H., Travelers Insurance Co., 
Hartford, Conn. 

Heldt, F. M., Automotive Industries, 
New York City. 

Hicks, J. F., General Electric Co., 
Schenectady, fn 

Holmes, A. W., Indiana Steel & Wire 
Co., Muncie, Ind. 

Holslag, C. J., Electric Arc Cutting & 


Welding Co., 152 Jelliff Ave., New- 
ark, N. J. 

Hulbert, W. R., Metal & Thermit 
Corp., 80 Broadway, New York 
City. 

Jacob, D.,.85 Liberty St., New York 
ity 

Jenkins, A. F., Alexander Milburn 


Co., Baltimore, Md. 

Keir, J. M., Union Carbide & Carbon 
Res. Labs., Long Island City. 

Kenney, E. F., Midvale Steel & 
Ordnance Co., Widener’ Bidg., 
Philadelphia, Pa. 

Kendall, H. B., M. W. Kellogg Co., 
Jersey City, N. J. 

Keogh, A. F., Sound Welding Co, 889 
East 134th St., New York. 

Kirkland, H. B., Railway Purchases 
& Stores, 39 Cortlandt St., New 
York. 

Krunzberg, E., Iron Trade Review, 
New York City. 

Leeper, J. A., Westinghouse Air 
Brake. Co., Pittsburgh, Pa. 

Lincoln, J. C., Lincoln Electric Co., 
Cleveland, Ohio. 


Longwell, R., Link Belt Co., Chicago, 
Ill 


Loughlin, R., Dover Boiler Works, 
Dover, N. J. 

Luening, J. H., Secretary, Com- 
ressed Gas Mnfrs. Assoc., New 


ork City. 
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Lydecker, F. A., Public Service Elec. 
Gas Co., Newark, N. J. 

Mason, R. G., Atcheson, Topeka & 
Sante Fe Ry., Chicago, Ill. 

McCune, C. A., American Chain Co., 
Bridgeport, Conn. : 

McDonald, P. F., P. F. MeDonald & 
Co., 17 King Terminal, Boston, 27, 
Mass. 

Meadowcroft, J., E. G. Budd Mfg. Co., 
25th & Huntingpark Ave., Phila- 
delphia, Pa. 

Mitchell, E. W., Rochester Gas & 
Electric Corp., Rochester, N. Y. 

Moody, W. S., General Electric Co., 


Pittsfield, Mass. 
Morrissey, J P. F. McDonald & 


Co., 17 King Tamia Boston, 27, 
Mass. 

Mullen, D., Moore Plant, Bethlehem 
Shipbldg. —, Elizabeth, N. J. 

Murphy, The Linde Air Prod- 
ucts Co., 30 East 42nd St., New 
York City. 

Obert, C. W., A. S. M. E., Boiler Code 
Committee, New York City. 

Oliphant, ie Oxweld Acetylene Co., 
Newark, N. J. 

Ortlet, G. E., Moore Plant, Bethlehem 
Shipbldg. Corp., Elizabeth, N. J. 
Owens, H. T., National Gauge & 
Equipment Co., 51 East 42nd St., 

New York. 
Owens, J. W., Norfolk Navy Yard, 
Norfolk, Va. 
Peabody, H. P., J. A. Roebling Sons 
Co., Boston, Mass. 
Plumley, S., Acetylene Journal, 53 
W. Jackson Blvd., Chicago, Ili. 
Powell, R. E., Western Electric Co., 
Chicago, Ill. 
Pratt, H. F.. Purox Co., 110 William 
St., New York City. 
Pritchard, C. C., Pritchard, Rumsey 
& Co., Inc., New York City. 
. D., General Electric Co., 
Schenectady, | He gi 
Risteen, A. D Travelers Insurance 
Co., Hartford, Conn. 
Ro rs, F. E., Air Reduction Sales 
0., 342 Madison Ave., New York. 


Ryder, E. M. T., Third Avenue Rail- 
way System, 2396 Third Ave., New 
York. 

Scott, H. W., Linde Air Products Co., 
80 East 42nd St., New York. 

Shepherd, R., American Machinist, 

h Ave. & 36th St., New York. 

Smith, Andrew, Smith Metal Perfo- 
rating Co., Pittsburgh, Pa. 

Smith, H. S., Prest-O-Lite Co., 30 East 
42nd St., New York. 

Stewart, H. M., Boston Elevated Ry. 
Co., Boston, Mass. 

Sullivan, Jos., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

Swan, G. W., J. A. Roebling Sons Co., 
Buffalo, N. Y 

Swift, W. C., Anaconda Copper Min- 
ing Co., New York City. 

Thomson, M., General Electric Co., 
Lynn, Mass. 

Tracey, B. C., General Electric Co., 
Bridgeport, Conn. 

Vom Steeg, E., General Electric Co., 
120 Broadway, New York Cit 

Vought, H., Secretary, New York 
Railroad Club, New York City. 

Wagner, R. E., General Electric Co., 
Pittsfield, Mass. 

Wall, H. E., Burke Electric Co., New 
York City. 

Way, A. P., American Electric Power 
Co., Philadelphia, Pa. 

Warner, W. L., General Electric Co., 
Schenectady, N. Y. 

Weinman, R. A.., ere Electric Co., 
eee He r ¢ 

Westendar General Electric Co., 
Boston, ass. 

Whittemore, H. L., Bureau of Stand- 
ards, Washington, D. C. 

Wolfe, Jonathan, Chicago Surface 
Lines, Chicago, III. 

Woofter, H. A., Thomson Electric Co., 
Lynn, Mass. 

Wry. T. A., General Electric Co., 

Lynn, Mass. 

Wysor, W. W., United Railways & 
Electric Co. of Baltimore, 1507 Con- 
ga Trust Bldg., Baltimore, 


SECTION ACTIVITIES 


Pittsburgh 


The April meeting of the Pitts- 
burgh Section was held on the 28th in 
the Fort Pitt Hotel. Mr. James 
Burke, president of the Burke Elec- 
tric oT: presented a paper illus- 
trated with lantern slides on the sub- 
ject of “Electric Arc Welding as a 
Manufacturing Process.” 

The May meeting was held on the 
19th at the same place, and Mr. Rus- 


sel M. Weimer of the Welded Prod- 
ucts Company presented a paper on 
the “Welding of Ornamental Iron.” 
This meeting was the last meeting of 
the section for this season. 


New York 


The last meeting of the New York 
Section was held in the Engineering 
Societies Building on Tuesday, May 
12. The meeting was one of the most 
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successful held during the year, and 
about 120 people were in attendance. 
Through the courtesy of the Ameri- 
can Brass Company a five-reel moving 
picture film, “From Mine to Con- 
sumer—A Story of Anaconda,” was 
shown. This provided members with 
an opportunity to go on a conducted 
tour to the plants of this company 
and to see the various operations from 
the mining of the raw material to 
the manufacture of the finished prod- 
uct. 

In addition, two papers were pre- 
sented on the welding of cast iron 
with the bronze electrode. One of 
these, entitled “Bronze Welding of 
Locomotive Frames,” was prepared by 
Mr. J. H. Chancey, blacksmith fore- 
man on the Georgia Railroad at Au- 
gusta, and the other, “Welding with 
Tobin Bronze,” was presented by Mr. 
W. C. Swift. 


San Francisco 


The April meeting of the San Fran- 
cisco Section was held on the 22nd at 
the Engineers Club. The following 
officers were elected to serve for the 
coming year: Chairman, G. O. Wilson; 
vice-chairman, W, P. Brown; treas- 
urer, R. H. Atkinson; secretary, W. B. 
Sawyer, Jr.; executive committee 
member (3 year term), J. C. Bennett. 

Mr. W. P. Brown of the Brown 
Brothers Welding Company, presented 
a paper on “Unfired Pressure Ves- 
sels.” The new welding code proposed 
for the State of California was also 
discussed. 

The May meeting was held on the 
15th at which time Mr. I. J. Reed, 
of the engineering department of the 
Associated Oil Company, described a 
very interesting installation of the 
laying of a pair of submarine oil pipe 
lines at Monterey. 


Cleveland 


The April meeting of the Cleveland 
Section was held on the 2ist. The best 
attendance of the year was reported 
at this meeting. Mr. W. D. Boom, 
proprietor of Cleveland’s largest weld- 
ing shop, presented a paper on “Job 
Welding Problems.” Mr. Boom’s re- 
marks were very interesting and to 
the point. The main theme of this 
talk was a plea to job shop owners 
and their employees to do every job, 
large or small, with the utmost thor- 
oughness. 

The May meeting was held on the 
19th and was entitled “Discussion 
Night.” The purpose of the meeting 
was to provide members with an op- 
portunity to present before the meet- 
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ing some particular problem that was 
causing trouble and to see if other 
members could help solve it. 


Philadelphia 


The* April meeting of the Philadel- 
phia Section was held on the 20th, at 
which time Mr. G. O. Carter, of the 
Linde Air Products Co., presented a 
report on “Construction of Trunk 
Pipe Lines.” The following officers 
were elected to serve for the coming 
year: Chairman, P. A. L. Maurhoff; 
vice-chairman, A. Schroeder; secre- 
tary, H. E. Hopkins; treasurer, C. W. 
Bates. 


Boston 


The annual meeting of the Boston 
section was held on May 21 at the 
General Electric Company River 
Works plant at West Lynn, Mass., on 
May 21. About 150 people were pres- 
ent at the various sessions. Plenty of 
entertainment in the form of music, 
quartet and moving pictures of bath- 
ing beauties were provided. The pro- 
gram of the meeting was as follows: 
2:00 p. m. to 3:00 p. m.—Reception of 

members and guests at Theatre 

Building and tour of inspection. 
3:00 p. m. to 3:10 p. m—Address of 

welcome by Nelson J. Darling, man- 

ager of River Works. 

3:10 p. m. to 3:30 p. m.—Prof. C. A. 
Adams, “The Relation of Research 
to the Welding Industry.” 

3:30 p. m. to 3:50 p. m—Mr. Miller, 
of the Back Bay Welding Co., “The 
Welding of Aluminum.” 

3:50 p. m. to 4:10 p. m.—Mr. H. O. 
Westendarp, Boston ‘office of Gen- 
eral Electric Co., “An Improved 
Rudder for Pleasure as Well as 
Merchant Vessels” (illustrated.) 

4:10 p. m. to 4.25 p. m—Mr. J. J. 
Crow of Air Reduction Sales Com- 
pany, “Economies Through the Use 
of High Purity Oxygen in Cutting.” 

4:25 p. m. to 4:50 p. m.—Moving pic- 
tures, “Soft Coal Mining in the 
United States.” 

4:50 p. m. to 5:20 p. m.—Mr. W. L. 
Warner, industrial engineering de- 
partment, General Electric Co.., 
Schenectady, N. Y., “Automatic 
Are Welding,” illustrated with th: 
aid of the projector machine. 

5:20 p. m. to 5:35 p. m.—Concert of 
popular melodies by the Polic 
Quartette. 

5:40 p. m. to 6:40 p. m.—Luncheon. 
Concert by the General Electri 
Apprentice Orchestra. 

6:40 p. m. to 7:00 p. m.—Moving pic 
tures, “Hard Coal Mining in th 
United States.” 
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7:00 p. m. to 7:20 p. m—Mr. C. J. 8:05 p. m. to 8:15 p. m.—Concert by 
Holslag of the Electric Arc Cutting the Police Quartette. ; 
and Welding Company, Newark, N. 8:15 p. m. to 9:00 p. m.—Moving pic- 
J., “The Best Use for Electric, Gas tures. 

and Thermit Welding.” Betrei 

:20 p. m. to 7:40 p. m—Mr. W. pains 

Spraragen, editor Journal of Amer- The Detroit Section has recently 
ican Welding Society, “Why the been elected into the Detroit Tech- 
National Research Council?” nical Societies. As the name implies, 
:40 p. m. to 8:05 p. m—Mr. C. A. this is a group of all the engineering 
McCune, director of research, societies in the city. The club build- 
American Chain Co., Bridgeport, ing will be used for meetings of the 
Conn., “The Building of the Cam- Detroit Section and there is no doubt 
den and Philadelphia Bridge.” Il- but that the affiliation will prove to 
lustrated. be mutually beneficial. 


Sl enw VY 


Positiens Vacant 


V-23. Assistant Executive. Opportunity for real live wire to connect with 
general repair welding and radiator works in fast growing city in north New 
Jersey. Established eleven years. To branch out owner needs reliable assis- 
tant executive. Capital not essential. Best location and most up-to-date 
equipment. Man of good personality and some experience can make unusual 
connection as active partner. Give particulars of past experience, age and 
monthly income expected. 


V-24. Desires services of a young man who is familiar with welding shops in 
metropolitan district to sell welding rods and accessories on a commission 
basis with very good prospects for future development. 


V-26. Wanted, a good man to sell welding and cutting apparatus. 


V-27. Go-Getter wanted. Need a man to go out and get business for my 


welding repair works in Brooklyn, N. Y. We do electric and oxy-acetylene 
welding. 


V-28, Electric Welders wanted for tank work. Competent welders needed 
for piece work. $2.90 paid for welding each 500 gallon tank. If you are 
interested, send in a brief statement of your qualifications. 


V-29. Welder wanted. Need man that can operate are welders and acetylene 
torches, to sell welding machinery and a full line of shop accessories in the 


ic, 


ood a territory. A good opportunity for a man that is looking for a 
uture. 
as 


V-30. Salesman. Need man to demonstrate portable arc-welding machine in 
New York City. 


Services Available 


A-33. Foreman or welder desires position. Has had about thirteen years 
all around experience as an oxy-acetylene welder. Recently resigned from 
Mechanical Division, Dept. of Street Cleaning, City of New York. Was em- 
ployed with the City for five years on general plant repair, automobile and 


g de- other rolling equipment. Can weld aluminum, cast iron, etc., and understand 
= preheating. 
“4 

Eahe A-34. Master Welder. Expert welder desires position as assistant master 

: welder for a railroad. Had executive experience before welding. Can make 

rt of large savings in production as the result of ten years experience in welding. 

Police A-35. Expert welder desires position. Have had 17 years experience as 
acetylene welder, 11 years as welder on locomotives in New York Central 

heon. repair shops, 4 years as foreman of the repair of all kinds of welding and 

ectric cutting in the steel car shops, one year as head repair man on all makes of 


4 welding and cutting torches and gages and one year as general welder on all 
g pic kinds of work. Have also been doing electric welding as well as acetylene for 
n th the past year. 
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PROGRESS REPORT NO. 3 OF THE COMMITTEE ON 
WELDED RAIL JOINTS 


A summary of Tests and Reports Since Publication of Progress Report No. 2, 
March, 1924 
Organization: 

The American Electric Railway Association and the American Bureau of Welding* 
united in an authoritative investigation of various types of welded rail joints in 
commercial use through a thoroughly representative Committee which was organized 
late in 1921. This Committee has a membership of about sixty individuals including 
Way Engineers of several of the larger street railway companies, representatives 
of manufacturers of welded joints and welding equipment, welding experts, scientists 
and testing experts. 

Dr. G. K. Burgess, then head of the division of Metallurgy, Bureau of Standards, 
and now Director of the Bureau of Standards was elected as Chairman. Mr. E. M. T. 
Ryder, Way Engineer of the Third Avenue Railway System was elected Vice-Chair- 
man and Mr. W. Spraragen, Secretary of the Division of Engineering and the 
American Bureau of Welding was appointed Executive Secretary. Inasmuch as it 
was impossible to have this large Committee meet more than once or twice a year, 
the administration of the affairs of the Committee was left in the hands of a small 
representative Executive Committee. 

Relation of American Electric Railway Engineering Association: 

About $24,000 was contributed by the American Electric Railway Association, 
interested manufacturers, and a number of the larger street railways. The Associa- 
tion is acting as Treasurer for the funds. Expenditures are made upon authorization 
of the Executive Committee and the bills are countersigned by the Secretary and 
the Vice-Chairman of the Committee and by a member of the Executive Committee 
of the American Electric Railway Engineering Association. 

Objects: 

The primary object of the Committee is to improve each type of welded rail 
joint rather than to make comparative tests on the relative merits of the different 
types of joints. 

Progress Report No. 1: 

In order to compile a summary of the “ present state of the art,” a questionnaire 
was prepared on five types of welded joints in commercial use (cast, butt, bar, electric 
seam and thermit) and members of the Committee were circularized. Answers to 
the questionnaire were correlated and a progress report of 73 pages printed in May, 
1922. Typical problems needing further investigation were also included in the 
report. 

Preliminary Program: 

It was agreed that the next step was to test out joints representing the “ present 
state of the art” by testing joints of each type made by representative street rail- 
way companies and by the manufacturers. Tensile, drop, repeated impact, bend and 
conductivity tests were made on each type of joint. In order to distribute the work 
the Bureau of Standards made the conductivity, repeated impact, and tensile tests 
and also metallurgical examinations. Purdue University made the bend and con- 
ductivity tests and the University of Illinois the drop tests. 








* The Bureau is the welding research department of the American Welding Society and the 
Divisicn of Engineering, National Research Council. 
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Progress Report No. 2: 

Progress Report No. 2 was published by the Committee in March, 1924. 
It consists of seventy-two printed pages and includes information on the organiza- 
tion of the Committee; instructions issued to railway companies for making up 
test joints for the Committee; methods of procedure and results in making tensile, 
bend, drop and conductivity tests; data furnished by the makers of these joints; 
photographs of specimens broken by the various tests and the discussion of the 
report. 

Progress Report No. 3: 

As the name signifies, this report is the Third Progress Report of the Committee 
on Welded Rail Joints. It does not include any of the results previously reported 
in Progress Report No. 2. It contains findings of the Committee, test data and other 
material of interest to the Committee obtained since the publication of Progress 
Report No. 2. Specifically it includes the remainder of results on tensile, bending 
and drop tests made on specimens to determine the present state of the art. The 
first results obtained from the repeated impact testing machine, as well as pre- 
liminary tests on the telemeter, are recorded at this time. In addition, there is alsu 
included the report of the joint examination sub-committee which carefully ex- 
amined macroscopically and microscopically broken specimens; and the report of 
the Sub-Committee on Development whose function it is to draw up a program to 
test out the variables which affect the quality of the seam welded type of joint. 


TENSILE TESTS 

For a description of the test procedure followed by the Bureau of Standards in 
making these tests the reader is referred to pages 4 to 6 of Progress Report No. 2 
of the Committee on Welded Rail Joints. Further comments of the Bureau of 
Standards on Test Procedure and the Results of Tests are given below. 

Bureau of Standards Report: 

On each specimen under tension, strain gages were used of the Howard type, 
using a gage length of 20 inches. The instruments were placed across the joint 
and were arranged as follows: Gage No. 1 was located on the rail base under the 
lip; Gage No. 2 on the rail lip; Gage No. 3 was placed on the rail head; Gage No. 4 
on rail base below the rail head. The instruments were placed as near as possible 
to the edge of the respective parts (see photograph Figure 1). In the case of 
cast welds and other joints having projections of the base, Gages No. 2 and 3 only 
were used, 

Referring to the various stress-strain curves, the curve of specimen No. 5-7 
(seam weld) may be taken as a somewhat typical curve. For this specimen all 
four gage lines show a gradual curvature to the right and indicate that the various 
gage elements were undergoing extension as the load was applied to the rail section. 

In some instances certain of the gage lines indicated compression or a similar 
phenomenon, which might be indicated by a reduced elongation on some particular 
gage line as referred to the other gage lines on the same rail joint. This 
phenomenon is shown in specimen No, 2-1 (seam weld), where the extension on 
gage elements 2 and 3 shows the rather typical extension, while gage element 1 
shows the reduced extension, and its counterpart, gage element 4, has been 
actually thrown into compression, as is indicated by the curve of gage line 4 slop- 
ing to the left of the vertical. 

As a rule, the deformation load curves have smooth curves through the ob- 
served points. In a number of instances, however, where there have been rather 
peculiar irregularities the curves were drawn point to point through the observed 
points |without any attempt to produce a smooth curve. This latter process 
emphasizes all irregularities and possibly might be misleading unless in the analy 
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sis of the various types of joints it is recognized that the general action of the 
joint as represented by a smooth curve more nearly explains what takes place. It 
is suggested, therefore, that in the comparison with the various joints the smooth 
curve be considered rather than the broken curve shown in some instances. 
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Examples of badly broken curves are those for specimens 11-27 and 11-28 (butt 
welds), and 15-1 and 15-2 (seam welds). Such irregularities as shown on these 
curves are exceedingly hard to explain. They may indicate premature failure 
which the gage has been able to pick up but which was not noticeable to an ob- 


Broken by tensile test. 
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server. It may be possible that some of these irregularities were due to slippage 
in the jaws holding the rails, or it may be in particular cases that the instruments 
used to measure the elongation failed to function properly. We do not believe 
that this latter contingency, however, could cause the irregularities of the types 
shown in specimen 15-1 (seam weld). 

In order to make a comple‘e study of the action of the joints under tensile 
test with the use of the load extension curves it is really essential that the center 





Fig. 7 — Bar Joints Made by the Public Service Railway Under the 
Supervision of Mr. Howard H. George. 
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of gravity of the various joint sections be known. In practically no case does 
the center of gravity of the joint correspond with the center of gravity of the 
rail, In testing these joints the wedge grips were designed to cause the center 
of pull to coincide with the center of gravity of the rail section and the grips 
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were carefully adjusted to produce this condition. If the center of resistance of 
the welded rail section does not correspond with the center of gravity axis of the 
rail, the joint would then be put under a bending strain during testing and a 
partial study of the test strain data from these tests indicates that such bending 
may produce serious results on the joints. 

Another point that seems to need consideration, as indicated by tensile tests, is 
the question of starting the weld at the end of the fish plates. It is very undesirable 





Fig. 9-——Cast Joints Made by the Brooklyn-Manhattan Transit Corp., 
Inder the Supervision of Mr. R. C. Cram 

from the tensile tests standpoint to nick the rail section proper in starting the seam 

weld. This cut into the rail section seems to be almost equivalent to a saw cut in 

a rail section in its resultant effects. This, together with the internal stresses set 

up by the process of welding, caused 20 out of a total of 27 seam weld joints 


tested to break through the rail at the ends of the fish plate and beginning of th 
welding.* 





* See Comment No. 1 by the Rail Welding & Bonding Company, p. 135 
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In slightly more detail the following memorandum relative to the various joints 
has been prepared with the idea of offering assistance in interpreting the tensile 
‘est data. It must be recognized, however, that the suggestions given here are only 
entative. 


Broken by tensile test. 
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Joints Nos. 2~1; 2-11; 2-13. Seam Weld: 

These joints show a greater separation at head and lip than at the base; the latter 
shows only slight extension or else compression. This is probably due to the rivets 
or bolts which connected the fish plates and web. The rivets or bolts being below 
the center of gravity of the rail section would produce an eccentricity of loading, in 
that the center of resistance of the joint would be below the center of gravity of 
the rail section. 

Joints Nos. 3-2; 3-9; 3-12. .Cast Joint: 

The greater part of the material in this joint being below the rail center of 

gravity, a very rapid extension of gages 2 and 3 is to be expected. 





Fig. 11 — Cast Welded Joints Made by the Milwaukee Electric, Rail 
way and Light Company Under the Supervision of Mr. R. 


Pinkley 


Joints Nos. 4-1; 4-2; 4-3. Bolts Through Fish Plates and Web: 

See comments on joints of the 2 series. 

Joints Nos. 5-5; 5-6; 5-7. Bolted Fish Plates: 
See comments on joints of the 2 series. 
Joints Nos. 6-19; 6-1; 620; 6-11; 6-17: 

The explanation of the action of these joints is somewhat doubtful. It is possibl« 
that the addition of the side bars lowers the center of gravity and also shifts 
toward gage 4. If this is true, gages 2 and 3 would be expected to show about a 
equal extension, with gages T and 4 showing little tension or else compression. To 
check this explanation determination of the gravity axes must be made. 

Joints Nos. 8-3; 8-5; 8-8. Seam Welds: 
»Greater part of fish plate section probably below center of gravity of rail section. 
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Bending about the horizontal axis would cause gages 2 and 3 to extend while 1 
and 4 showed very little extension. This is the case of 8-3 
Joints Nos. 8-5 and 8-8: 

These joints seem to have bent in both directions with the bending of greatest 
magnitude about the horizontal axis. 


tensile test. 
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Joints Nos. 9-2; 9-3; 9-5. Apex: 

Apex plates bolted through web. See comments on joints of 2 series. 
Joints Nos. 11-14; 11-16; 11-25; 11-27; 11-28. Butt Weld: 

In this series of joints the center of resistance of the joint and the center of 
gravity of rail are identical. It is suggested that the irregular curves obtained 
may be due to instrumental errors and jaw slippage, as these specimens carried a 
greater load than the average joints. 





Fig. 13— Apex Joints Made by the Indianapolis Switch and Frog 
Co., Under the Supervision of Mr. E. C. Price. 


Joints Nos. 12-3; 12-5; 12-6. Thermit Welds. 

In explaining the action of thermit joints it is suggested that the rail head be 
neglected as stress bearing material. This is logical, as no thermit welds tested 
showed complete welding of the inserts. It will then be seen that the center of 
resistance has been shifted from the center of gravity of the rail to a point lower 
and toward gage No. 1. 

Joints Nos. 13-5; 13-6; 13-7. Cast Welds: 

See comments on joints of the 3 series. 
Joints Nos. 144; 14-8; 14-11. Seam Welds: 

Gage No. 4 of joint 14-8 spanned a crack in the rail base. See comments on 
joints of 2 series. 
Joint No. 15-2: 

Break in curves occurring at 180,000 Ib. was caused by cracks which appeared i 
weld at the above load. 

Joints Nos. 15-1 and 15-3: 
See comments on Joint No. 8-3. 
Joint No. 15-13. Seam weld: 

See comments on joints No. 8-3. 

Joints Nos. 15-15; 15-17; 15-25! 15-26; 15-28. Thermit Welds: 

See comments on joints of 12 series. 

Joints Nos. 15-29; 15-32; 15-35. Seam Welds: 

Due to the head support of the fish plates, gage 3 might be expected to show les 
extension than gage No. 2. 

Joints Nos. 16-6; 16-8; 16-12. Abbott: 

Abbott plates shift the center of resistance of the joint below the center of grav't) 
of rail, causing the joint to act as Series No. 2. 
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Joints Nos. 18-1; 18-5; 18-12. Cast Joints: 
See comments on joints of 3 series. 
Joints Nos. 21-5; 21-7; 21-10. Abbott: 
See comments on joints of 16 series. 
Joints Nos. 22-7; 22-11; 22-12. Apex: 
See comments on joints of 2 series. 
Joints Nos. 25-2; 25-5; 25-6. Abbott: 
See comments on joints of 16 series. 





Fig. 14 — Seam Welded Joints Made by Cleveland Railway Company 
Under the Supervision of Mr. C. H. Clark 


Method of Failure. 
Jomt No.: 
2-1. Rail broke at end of weld along fish plate. 
2-11. Welds sheared, crack in rail flange, fish plate across mid-joint showed mill 
scale peeling. 
2-13. Rail broke at end of seam weld. 
3-2. Broke through casting, metal clean, no blow holes. 
3-9. Broke through casting, metal clean, no blow holes. 
3-12. Break through casting, casting clean, few blow holes near web, 
4-1. Failure by shearing of seam welds. 


4-2. Welds showed scaling, final failure by rail breaking at end of seam weld. 








28 JOURNAL OF THE A. » os [May 


4-3. Scaling on seam welds, few shear cracks through welds, final failure by 
rail breaking at end of seam weld. 

5-5. Rail broke at end of seam weld. 

5-6. Tension failure of one bar at mid-joint through bolt hole, indications of 
other bar shearing. 

5-7. Rail broke at end of seam weld. 

6-1. Tension failure of bars at mid-joint. 

6-11. Tension failure of bars at mid-joint. 


ee ees 


> 
, 
7 
2 
£ 
E 
# 
t 


Seam Welded Joints Made by the Capital Traction Com- 
pany, Under the Supervision of Mr. R. H. Dalgleish. 
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Sana 


Fig. 16— Seam Welded Joints Made by New Orleans Railway and 
Light Co., Under the Supervision of Mr. G. C. Estill. 
6-17. Tension failure of bars at mid-joint. 
6-19 Tension failure of bars at mid-joint. 
6-20. Tension failure of bars at mid-joint. 
8-3. Failure by rail breaking at end of seam weld. This break was the continua- 
tion of an old crack through one-half of the rail flange. 
8-5. Seam welds sheared. 
8-8. Failure by shearing of seam welds. 
9-2. Failure by shearing of bolt and weld. 
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9-3. Failure by shearing of bolt and weld. 
9-5. Failure by shearing of bolt and weld. 


11-14. Broke at butt weld, rail welded over entire section. 
11-16. Broke at butt weld, rail welded over entire section. 
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11-25. Broke at butt weld, rail welded over entire section. Mi£ill scale peeled off 
’ rail in free length. 

11-27. Broke at butt weld, rail welded over entire section, Mi£ll scale peeled off 
rail in free length. 


Seam Welded Joints Made by the Montreal Tramways Co., 
Under the Supervision of Mr. R. M, Hannaford. 


Fig. 19 Seam Welded Joints Made by the Rail Welding and Bond- 
ing Company Under the Supervision of Mr. R. B. Fehr. 


11-28. Broke at butt weld, dirty spot at base of rail lip. 

12-3. Break through weld, large blow hole running diagonally across web. Insert 
unwelded, slag trapped under insert. 

12-5. Broke through weld. Insert unwelded, slag trapped under insert, several 
small blow holes scattered over section. 

12-6. Broke through weld. Blow holes of small size through section, part of in- 
sert welded, weld clean. 

13-5. Rail pulled out of casting, no metal broken, 

13-6. Break through casting at midjoint, few small blow holes, metal clean. 

13-7. Failure through casting at mid-joint, metal clean. 

14-4. ‘Failure by shearing of seam weld. 

14-8. Failure in rail at end of seam weld by continuation of old crack in rail base. 

14-11. Failure by crack half through rail at end of seam weld from top of rail 
to mid web and tension failure of one fish plate at mid-joint. 
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15-1. Rail broke at end of seam weld. 
15-2. Failure by shearing of seam welds. 


Broken by tensile test. 


Railway system 
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15-3. Failure by shearing of seam welds. 

15-13. Rail broke at end of seam weld. 

15-15. Failure at junction of thermit material and rail, side of insert welded, 
material clean. 

15-17. Rail broke through weld. Insert unwelded, blow holes under insert. 

15-25. Rail broke through weld. Insert unwelded, metal clean. 

15-26. Rail broke through weld. Insert unwelded, small blow holes under head. 

15-28. Rail broke through weld. Insert unwelded. Blow holes throughout section. 

15-29. Rail broke at end of seam weld. 

15-32. Tension break in fish plate at bolt hole. 





Fig. 21— Seam Welded Joints Made by the Third Avenue Railway 
System Under the Supervision of Mr. E. M. T. Ryder. 





Fig. 22— Shoulder Type of Joints Made by the Third Avenue Rail- 
way System Under the Supervision of Mr. E. M. T. Ryder 
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15-35. Tension break in fish plates at bolt hole. 
16-6. Break in rail about 3” outside of end of fish plates. 


Broken by tensile test. 
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16-8. Cracks appeared in weld under head and lip. Final failure by breaking 
of rail at end of seam weld. 

16-12. Rail broke at end of seam weld. 

18-1. Break through half of casting, metal clean. 


Broken by tensile test. 
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Fig. 28.— 
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18-5. Break through casting, blow holes around web and base. Metal clean. 
18-12. Break through casting, blow holes under lip and base. 

21-5. Failure by shearing of seam weld at rail base and along Abbott plate. 
21-7. Rail broke at end of seam weld. Partial fracture of fish plate at mid-joint 
21-10. Rail broke at end.of seam weld. 

22-7. Failure by shearing of bolts and seam welds. 

22-11. Failure by shearing of bolts and seam welds. 

22-12. Failure by shearing of bolts and seam welds. 

25-2. Break through rail at end of seam weld. 

25-5. Rail broke at end of seam weld. 

25-6. Rail broke at end of seam weld, old crack in rail base at break. 


PURDUE UNIVERSITY REPORT ON BEND TESTS 


Note.— For details as to procedure in making the bend tests see Progress Report 
No. 2, page 7 
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Symbols give elect. resist. in ft. of rail points of arrows and centers of other symbols ar 
at points plotted. 


7-4. Both side plates yielded at joint. Sudden complete rupture of rail at end 
of side plates. All seams O. K. Maximum load 170,860 Ibs. 

7-5. Sudden complete rupture through rail at end of side plates. Fracture 
showed flange to be cracked from edge to web before test was made. All seamm 
O. K. Maximum load 126,410 Ibs. 
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Fig. 30 Seam welded specimens made by the Cleveland Railways Company under 
the supervision of Mr. C. H. Clark 











1925] WELDED RAIL JOINTS 39 


7-11. Plates yielding at 140,000 Ib. load. Sudden failure in tall plate at joint. 


crack in rail flange at end of narrow plate, extending diagonally in web to end 


bolt hole. Narrow plate shows tension at Ist hole from joint. Maximum load 
152,020. 


























Fig. 31 — Seam welded specimens made by the Detroit Street Railways under the 
supervision of Mr. H. M. Gould 
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15--37. Side plates yielding at 100,000 lb. load. Following maximum load tension 
failure in tall side plate followed by tension failure in narrow plate at Ist bolt 
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Fig. 32 — Seam welded specimens made by the 
pany under the supervision of Mr. R. B. Fehr 
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Third Avenue 


Fig. 33.— Seam welded specimens of the shoulder type m by . 
Railway System under the supervision of Mr. E. M. T. Ryder. 
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from joint. Flange seams opened up before maximum load. Maximum load 
123,610 Ibs. 


15-38. Side plates yielding at 100,000 Ib. load. Following maximum load tension 
failure in tail side plate followed by tension failure in narrow plate at first bolt 
from joint. Flange seams opened up before maximum load. Maximum load 
129,860 Ibs. 

15-39. Side plates yielding at 100,000 lb. load. Following maximum load tension 
failure in tall side plate on both of the first bolt holes from joint, followed by 
tension failure on narrow plate at first bolt hole from joint. Flange seams opened 
up before maximum load. Maximum load 130,570 Ibs. 

14-1. At maximum load upper seam under lip opened up. Later, lip fractured 
1%” from joint. Maximum load 168,830 Ibs. 

14-2. All seams O. K. just before sudden failure in rail. Failure occurred 
diagonally in rail, starting in flange 914” from joint and continuing through head 
5” from joint. Fracture missed bolt hole by %”. Maximum load 167,770 tbs. 

14-3. All seams O. K. just before sudden failure. Wide plate, sudden failure 
4” from joint. Flange failure 4%” from joint and web, through Ist bolt hole. 
Flange and web failures in rail on opposite end of joint from side plate failure. 
Maximum load 177,220 Ibs. 

2-5. Tall side plate scaling at joint at 90,000 Ih. load. Later narrow plate yields. 
Gradual pulling out of both plates at first rivet from joint. Flange seams open 
up at 110,000 Ib. load. Maximum load 160,020, 

2-6. Tall side plate scaling at joint at 90,000 lb. load. Later narrow plate 
yields. Gradual pulling out of both plates at first rivet from joint. Flange seams 
open up at 110,000 lb. load. Maximum load 162,810. 

2-7. Tall side plate scaling at joint at 90,000 Ib. load. Later narrow plate 
yields. Gradual pulling out of both plates at first rivet from joint. Flange 
seams open up at 110,000 lb. load. Maximum load 157,020. 


UNIVERSITY OF ILLINOIS REPORT ON DROP TESTS 

Note.— For details of procedure in making drop tests see Progress Report 
No. 2, page 12. 

Seam Welds . 

2-8. Rail cracked at end of weld with first blow; crack becoming larger with 
the second. The rail broke on third blow at end of side plates. 

2-9. No effect on weld or rail except deflection until after fourth blow when the 
rail cracked slightly in rail at center 2”. At the end of the fifth blow the crack 
was 1”. At the end of the sixth blow the rail cracked thru outside bolt hole on 
one end of weld. Rail broke on the seventh blow. Welding good. 


2-10. No effect noted on welds or rail until third blow when there appeared a 
slight crack at center of weld on both sides. After the fourth blow the rail broke 
at end of side plates. Weld was in good condition. 








1925] WELDED RAIL JOINTS 43 


— | usa Soi ms TTT 
ofc 7 


j 
' 


19 y2000'5/000| 6 ae 


























6 /0000 39000 s - 











7 |e000\29000 # }+++14111} 41 











| 
6 \6000 \2/000) 3 HT 
| | 











S |5000 VS0002.5 | 





F |4000 YO000)| 2 


























2 |2000\3000) / 


























4 ¥000 \/000| .5 































































































o~ 
S- 
-s 

















3 »| | See ae Le * © 
ti. ol Sie 
{oo a ett 
g| 2 9) ><) 
; 9 Ok Q>| 
INN EINES 
: § 3/* S!so 
uj ™ im i 
eS) APS 
Les a 


Fig 34.— Heavy lines are deflection lines scale of deflections—4 divisions—1 inch. 
Figures in circles (thus (5)) indicates number of blow that caused fracture 

7-6. Rail broke at first blow at end of side plates. Laboratory states welds good. 

7-7. Rail broke at end of side plates and other end cracked after first blow. 
Laboratory states welding good. 

7-13. Rail broke at first blow at end of side plates. Other end cracked. Weld 
good. 

15-40. No effect after first blow. Slight crack at center of weld after second 
blow. After fourth blow two side plates broke at first (center) bolt hole. Labor- 
atory states welding good. At the end of the fifth blow a piece of rail head broke, 
Welding good. 
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15-41. No effect noted until after the fourth blow when one side plate broke and 
a 2” crack appeared in weld at center. After fifth blow rail cracked 5” from 








Fig. 35 — Seam welded specimens made by the Cleveland Railway Co. under the 
supervision of Mr. C. H. Clark. 


center and both side plates were broken. Welding good. At the sixth blow the 
rail and side plates broke. 

15-42. A very slight crack in seam at center after first blow. After fifth blow 
side plates broke thru inside bolt hole. At the sixth blow rail head broke. Weld- 
ing good. 

14-5. Rail broke at end of side plates after first blow. Welding good. 

14-7. After third blow rail cracked 8” from joint and had a slight crack in weld 
at base. After the fourth blow a slight break was noted in weld. After the sixth 
blow the side plate broke thru first bolt hole. At the seventh blow rail cracked 
1%” from joint breaking upper seam. After eighth blow head of rail cracked. 
Seam holding fairly well. After ninth blow both side plates broke. 
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14-10. Weld at two spots shows effect of bend but no break after third blow. 
After the eighth blow one side plate cracked thru first bolt hole. After ninth 
blow rail head broke—seam above broken side plates cracked. At the end of 
10th blow rail broke—both side plates broke. One half of total seams good. 
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Fig. 36-— Upper three joints are seam welded specimens made by the Detroit 
Street Railway Co. under the supervision of Mr. H. M. Gould. Lower joint is seam 


welded specimen made by the Rail Welding & Bonding Co. under the supervision 
of Mr. R. B. Fehr. 
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Unbroken Rail: 
Unbroken rail (marked W) broke in three places after fifteenth blow. 
Unbroken rail (marked X) broke in three places aiter thirteenth blow. 
Unbroken rail (marked Y) broke one foot from end after eleventh blow. 
Unbroken rail (marked Z) broke in three places after thirteenth blow. 














Fig. 39-— Above specimens are pieces of solid rail broken by the drop test 
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REPORT OF THE BUREAU OF STANDARDS ON THE REPEATED 
IMPACT TESTS 


The Committee on Welded Rail Joints decided to make tensile, bend, and drop 
tests on the specimens. 

If the rails are welded during the summer so as to give a continuous rail for a 
considerable distance tensile stresses may be caused in the rails and the joints by the 
drop in temperature which occurs in winter. The tensile test shows the resistance 
which the joints offer to these temperature stresses. 

If the joints are not supported throughout their length the wheel loads cause bend- 
ing stresses and the bending tests show the strength of the joints under these loads. 

On the contrary drop tests made with the Master Car Builders’ Drop Test Machine 
do not even approximate conditions which occur in service but they do measure the 
resistance which rail joints offer to severe bending stresses. As the rails were 
permanently deformed by each blow of the hammer the deflection before failure 
occurred was a good measure of the ductility of the joint. 

It is generally believed that failure of welded rail joints in service is caused by 
the impact of the car wheels in passing over the joint. If there is no difference in 
the elevation of the heads of the rails at the joint and they are held in position so 


that no displacement occurs under the wheel loads, there is no impact due to the 
wheels. 


If, however, the head of the “ receiving rail” is lower than the other rail or if it 
is worn hollow or “cupped” by traffic each passing wheel drops onto the receiving 
rail and the energy of the blow depends upon the weight of the wheel and axle, the 
weight of the car with its load and also upon the difference in elevation of the rails. 

It has been found in practice that the receiving rail often becomes cupped and the 


depression is usually about 2 in. from the joint between the rails and the impact 
which results gnay cause failure of the joint. 

To test the joint specimen so as to simulate service conditions the Committee 
decided to use a repeated impact test. 

Mr. E. J. Mcllraith designed a machine for this test in which a hammer was lifted 
by means of a cam and dropped repeatedly on the joint to be tested. The design 
attracted the attention of many street railway engineers and the test was considered 
very valuable in judging the life of the joint in service. A repeated impact test 
was recommended on Sept. 30, 1922, by the Bureau of Standards in its report 
“Methods of Testing Welded Rail Joints for the Committee on Welded Rail 
Joints.” 

In order to measure the energy of the blow in service Mr. Mcllraith placed léad 
inserts in the head of the rail and measured the amount of depression after a wheel 
had passed over them, then found experimentally the height from which a car wheel 
must be dropped to cause the same depression in similar lead inserts. These are, it 
is believed, the only measurements of wheel impact in street railway service. He 
found that the energy was about 200 ft. Ib. if the drop was % in. and the car weighed 
47,500 Ib. If the drop was 1/16 in. the energy was 150 ft. Ib. Use of his repeated 
impact machine showed that 4,000 blows having an energy of 150 ft. Ib. caused 
cracks in the seam of seam-welded rail joints. The value, 200 ft. Ib. representing 
very severe service, was therefore, adopted by the Committee and it was decided that 
the hammer should weigh 400 Ib. and drop 6 in. onto the joint to give this energy 
to the blow. 

Mr. MclIlraith was made the chairman of a Sub-Committee to design the repeated 
impact machine. The first design was submitted in October 1922 and the final design 
was discussed and approved by the Committee at the meeting in Cleveland, May 21, 
1923. Funds were voted by the Committee for building the machine which was con- 
structed by the Whiting Corporation, Harvey, Ill. (for $995.00), and delivered in 
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October, 1923, at the Bureau of Standards where the tests were to be made. The 
Bureau offered to provide laboratory space for the machine and part of the time 
of one materials engineer to operate it. A 2-horse-power 500-volt electric motor 
was donated by Mr. G. Estill of the New Orleans Public Service, Inc., and Mr. 
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Dalgleish of the Capital Traction Co., Washington arranged to have the Company’s 
lines on Connecticut Ave. connected up with the Bureau and so supply current gratis. 
As it was feared that the noise from this machine would be disturbing if it was 
operated in any of the existing laboratories the Bureau of Standards built a small 
one-story laboratory to house the repeated impact machine and the ‘est specimens. 
A one ton chain hoist suspended from a trolley running the full length of the 
building was provided for use in installing the machine and moving the joints. 

At Mr. Spraragen’s suggestion means were provided for blocking up the frame 
vf the impact machine to bring the hammer to any desired height. The hammer was 
provided with an insert on its lower surface where it came in contact with the rail. 
The undersurface of the hardened tool steel insert was shaped like the correspond- 
ing undersurface of a car wheel. 

When the method of supporting the rail joints in the impact machine was discussed 
great differences of opinion were expressed. Many of the members of the Com- 
mittee wished to approximate service conditions “by supporting the rail joint on two 
ties held in place by ballast. Others preferred a rigid continuous support such as 
a heavy I-beam on which the rail to be tested should be supported for its entire length. 

The Bureau of Standards emphasized the necessity of supporting the joint as a 
beam struck at the middle on an anvil which should be very heavy compared with 
the hammer. An anvil weighing 40 times the weight of the hammer was suggested 
and computations by a member of the Bureau staff showed that in all probability an 
anvil of this weight would be satisfactory. 

In investigational work it is necessary to make tests under conditions which can 
be reproduced by other experimenters. If repeated impact tests of welded rail joints 
are ever undertaken elsewhere, the conditions so far as the machine is concerned 
would be the same if the weight of the hammer, the height of drop and the number 
of blows per minute were the same as in the tests made by the Committee. The 
number of blows required to cause fracture will depend upon the method of support- 
ing the joint and will in general vary from one machine to another. The easiest 
way to obtain supports which can be duplicated is to use a heavy anvil, which in 
turn rests on springs. 

A spring supported anvil has been found necessary for other impact tests as for 
example, the Master Car Builders Drop Test Machine, if the results from two 
machines’ are to be compared. 

Although no attempt has been made to test joints supported on wood ties or in 
other ways which are used in service, experience with the machine leads to the con- 
clusion that it would be practically impossible to keep the joint in the proper position 
under the 400-Ib. hammer and that the ballast or other support would become dis- 
placed causing the height of drop to vary greatly. 

It must be remembered that it is much more difficult to hold a short rail joint in 
position with ballast than to hold two continuous rails in place for a track. 

After many distussions the Committee decided to use an anvil and Mr. H. F. A. 
Kleinschmidt, Lorain Steel Co., was made the chairman of a Sub-Committee to 
design the anvil, which was to weigh 16,000 Ibs. 

As the impact machine was nearing completion every effort was made to hasten 
the workyon the anvil. The first design was submitted to the Committee on Nov. 13, 
1923, and the final design Drawing 103481 on January 9, 1924. In the meantime the 
other members of the Committee had made many suggestions for supporting the rail 
specimen as beams and holding them in place on the anvil. 

Mr. Ryder suggested bolting 30 ft. rails to each end of the joint specimen. These 
rails would, he believed, make the test approximate service conditions, and make 
the results very much more valuable. 

Mr. R. H. Pinckley wished to have high tensile stresses in the rails while they 
were undergoing the repeated impact test. 
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When it was found that the cast iron anvil could not be built for less than 
$1,400.00, the Committee considered the possibility of using a lighter cast iron 
anvil or if possible a concrete anvil. The latter suggestion was abandoned as it 
seemed unlikely that a concrete anvil would resist the blows of the hammer for any 
length of time. The situation was finally met by the purchase of the 16,000 Ib. 
anvil by the Bureau of Standards. The anvil was made by the Federal Shipbuilding 
Co., and delivered about July 1, 1924. 

While operating the machine for the first time on July 17, 1924, the cam broke. 
The design and construction of new cams and the replacement and reinforcement of 
certain other parts of the machine delayed the program at first, but for the greater 
part of the time since its installation the impact machine has been in operation daily 
under the supervision of a member of the Bureau staff. Since December 1, 1924, 
the machine has also been operated at night from 4:30 p. M. to 2:30 a. M. by an 
operator paid by the Committee. 





Fig. 41 — Welded rail joint specimens to “determine present state of the art.” 
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Bureau of Standards Report—Repeated Impact Tests: 
Failure of Original Cam: 

After a few minutes of operation of the repeated impact testing machine the 
bronze cam received several blows of the hammer while the speed was being 
adjusted. Because the speed was so great the hammer, upon being released at top 
of its travel, did not have time to strike the rail before the cam started to lift 
it again. The cam fractured through the keyway, making a new cam necessary. 
New Cam: 

As these preliminary tests showed that the framework of the impact machine 
was, apparently, sufficiently resilient to absorb the energy when the hammer struck 
the cam, no changes in the framework were necessary. It was decided to design 
a new cam for 6 in. drop to be made of cast steel. No removable piece was pro- 
vided in the cam where the hammer is released, as it was not believed that the wear 














Fig. 42 — Repeated impact machine with welded joint in position for testing. 
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would make this necessary. It can be provided by machining a corner out of the 
cam and fitting in a hardened steel block. 

The design of the cam provides for a uniformly accelerated motion from the 
point where the hammer is in contact with the rail up to mid-height and a uni- 
formly decelerated motion for the remainder of the travel of the hammer. A 





Fig. 43 — Cast iron joints made by Brooklyn-Manhattan Transit Corp’n 
under the supervision of Mr. R. C. Cram 


cylindrical arc of 45 degrees is provided to allow the hammer to come to rest 
before it is dropped. 

The new cam was obtained from the Naval Gun Factory, especial attention be- 
ing given to obtaining a steel sufficiently hard to withstand the abuse which it is 
likely to receive in service. 

The contour of the cam was not machined accurately to form the casting, being 
merely smoothed up with a file. Care was taken to cut the keyway in the thickest 
portion of the hub of the cam and no failure through the keyway is expected. 
Lubrication has up to the present time been graphite grease applied at intervals 
with a stick, but automatic lubrication will be provided, if it seems desirable. 
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Cam Shaft: 

As the cold rolled steel shaft (2 in. diameter), which was supplied with the 
machine, was bent by the preliminary tests, a new shaft was made from heat 
treated chrome nickel steel having an ultimate strength of about 125,000 Ib. per 
sq. in. The diameter was increased to 2% inches to secure greater strength. Like 
the cam, the shaft was obtained at the Naval Gun Factory. 

New solid cast iron boxes having heavy flanges were made for the shaft and 
lined with bronze sleeves about one-quarter inch thick. These boxes were attached 
to the framework of the machine by drive bolts. As it was found on trial that 
the rebound of the hammer caused a severe blow on the cam under the best ad- 
justment of the speed which could be made, a third cam was designed for a 
rebound of about 2 inches, which operated somewhat better, but the variable re- 
bound of the hammer made it impossible to design a cam which would work 
satisfactorily. 





Fig. 44 Cast iron jcints made by Milwaukee Electric Railway and Light 
Company under the supervision of Mr. R. H. Pinkley. 


Wedge Device: 

Three or four devices were, therefore, made for catching the hammer at th: 
highest point of the rebound and supporting it until the cam lifted it agai 
Because of the severe abuse which these mechanisms received, failures were fr¢ 
quent and it was necessary to operate the machine slowly (about 45 blows pe: 
minute). 

The more recent devices are quite substantial and can be used with good result 
if they become~necessary. With the friction brakes on the anvil, which ar 
described later, it has been found that the speed of the motor can be adjusted t 
secure satisfactory operation when testing the cast iron welds, and probably fo: 
other types of joints. 


Supports for the Joints: 
An unwelded piece of rail was placed in the machine on a span of 36 inche: 
and the machine operated by hand so as to drop the hammer from a height of ‘ 
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inches onto the rail at the middle of the span. It was found that there was 
sufficient resistance in the rail to cause the hammer to rebound to a height of about 
4 inches. The span was shortened when it was found that the rebound was much 
less. After considerable discussion it was decided to use a span of 22 inches, which 
was the shortest practicable span for the cast iron joints. This span can be used 
for the seam welded joints having no base plates by making special clamps to 
hold the rail to the supports. This has been done by machining straps of steel 
about 2 inches thick, 6 inches wide and 24 inches long, so as to fit the head 
of the rail. A long bolt, one end of which fits the slot in the top of the anvil, 
passes through each end of the strap so that the rail can be held securely to 
the supports. 

For the seam welded joints having base plates it will be necessary to cut the 
plates to the width of the base of the rail for a distance of about 2 inches 
at each end. It is believed that this can be done satisfactorily by an oxyacetylene 
cutting torch. Although all the type of joints have not been tried, it is believed 
that these supports and holding fixtures can be used for all the types. The span 
will, in all cases, be 22 inches and the hammer will strike the rail at the middle 
of the span and 2 inches from the crack between the ends of the rail which are 
in contact at the joint. 

No attempt has been made to attach 30 foot lengths of rail to each end of the 
specimen, as it is believed that this will reduce the severity of the test and increase, 
correspondingly, the time required. 


Anvil: 

In the preliminary tests it was found that the 16,000 lb. anvil purchased by the 
Bureau of Standards vibrated vertically about % of an inch above and below the 
normal position. This caused the rebound of the hammer to vary as much as 
100 per cent because the vibration did not cease before the next blow was struck. 
Although from the standpoint of the Committee this was not considered a serious 
matter, as the number of heavy and light blows might average, if several thousand 
blows were struck before the joint failed, it did greatly increase the difficulty of 
operating the machine, because the speed of the cam shaft which was satisfactory 
for a low rebound caused the hammer to fall several inches onto the cam when the 
rebound was high. It appeared likely that the impact machine and especially the 
cam with its shaft and bearings would not withstand this abuse even if made as 
strong as possible. It was this inability to adjust the speed to a constantly varying 
height of rebound that caused the failure of the original cam, although it is likely 
that occasionally the hammer will fall on the cam under the best conditions. 

The vibrations of the anvil were studied carefully for some time and it was 
decided that the anvil should be brought to rest after each blow before the next 
blow was struck, if it were possible to do so. This was desirable in addition to 
simplifying the operation of the machine because from the standpoint of the 
Bureau the test conditions should be made constant, otherwise the results of the 
tests might be erratic and possibly worthless. 

Friction devices were placed between the side of the anvil and the wall of the 
concrete pit. These consisted of wood blocks forced against the anvil by wood 
levers. As there was a possibility that the friction would cause the anvil to come 
to rest either above or below its normal position, the height of the anvil was 
measured with a dial micrometer after the hammer had been dropped by turning 
the cam shaft by hand. The variation for several drops of the hammer did not 
exceed 0.001 inch, which is negligible. The anvil comes to rest in about one-half 
second, so that the speed of the cam must exceed 100 revolutions per minute to 
Cause variable rebound of the hammer due to vibration of the anvil. 
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The results obtained are as follows: 
The hammer weighed 400 Ib. and dropped 6 in. 


. e Approximate Total Number 
ome ae of Number of Blows of Blows to Cause 
vO. aulure per Minute Failure 
18-6 Nov. 12 50 76,841 
13-13 Nov. 22 50 127,540 
13-8 Dec. 8 65 170,729 
3-11 Dec. 10 65 75,275 
13-14 Dec. 12 65 116,219 
3-1 Dec. 16 75 223,399 
18-2 Dec. 18 73 106,839 
18-8 Dec. 19 70 64,202 
3-8 Dec. 22 69 111,089 
12-2 Dec. 24 76 126,687 
15-18 Jan. 5, 1925 73 359,197 
12-E Jan. 12, 1925 73 310,100 
15-16 Jan. 18, 1925 75 314,718 
15-27 Jan. 22, 1925 70 137,230 
124 Jan. 27, 1925 67 190,000 
Description of Failure: 
Definitions: 


The Impact Rail is the rail which is struck by the hammer. 

The Non-Impact Rail is the rail which is not struck by the hammer. 

The Joint is the vertical plane between the ends of the rails which are in contact. 
Rail 18-6: 

The casting broke vertically through the ‘joint to the bottom of the rails then 
along the bottom of the impact rail to the end of the casting. A portion of the 
casting remained attached to each rail. No loose pieces of the casting. 

Rail 13-13: 

The casting broke vertically through the joint to the bottom of the rails then 
along the rails both ways to the ends of the casting. A portion of the casting 
remained attached to each end of the rail. Portion of casting below rails broke 
off in one piece. 

Rail 13-8: 

Casting broke vertically through joint to top of base of impact rail. Then the 
fracture extended through web of impact rail nearly to end of casting. A portion 
of the casting remained attached to each rail. There were no loose pieces. The 
bottom of the casting was attached to the non-impact rail as well as a portion of 
the base of the impact rail. 

Rail 3-11: 

The non-impact rail broke without breaking the casting. There were no loose 
pieces. The fracture in the rail ran from a point 1% inches from the joint at 
the head to diagonally to a point 9 inches from the joint at the base of the rail 
The fracture ran through the hole in the web of the rail through which a pin had 
been placed. 

Rail 13-14: 

The casting cracked vertically at the joint on the lip side of the rails, but no 
crack was visible on the head side. The portion of the casting below the rails 
broke off in the plane of the base. The rails were attached to the casting, forming 
one piece, and the bottom of the casting was loose. 

Rail 3-1: 
The casting below the rail split off in the plane of the bottom of the rail. The 
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casting on the head side fell off. The casting on the lip side remained intact and 
in contact with both rails. 
Rail 18-2: 

The casting did not break. The non-impact rail broke from a line at the top 
about 2 inches from the joint to a line at the bottom just beyond the edge of the 
casting. (8% in. from joint). 

Rail 18-8: 

The casting broke vertically at the joint from the top to the bottom of the rail, 
then along a horizontal plane in the base of the impact rail to that end of 
the casting. 

Rail 3-8: 

The casting beneath the rail broke off flush at the bottom of the rail, as one 
piece. The test was then discontinued. The side castings were still intact and 
in contact with the rails. 

Rail 12-2 (Thermit): 

The impact rail broke straight across at the top under the hammer, i.e., 2 inches 
from joint, diagonally downward to 5 inches from joint at bottom of impact rail. 
A trapezoidal piece, including a portion of the base of both rails and some of 
the webs and the joint, which was 11% inches long at bottom and about 3% inches 





Fig. 45— Cast iron joints made by the Minneapolis Street Railway 
Company under the supervision of Mr. G. L. Wilson. 
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high, broke from both rails. The top of this piece was horizontal, in the webs and 
just under the head fillets. 
Rail 12-E 

The head of the impact rail broke across the top 4 inches from the joint, 
then vertically downward to 2 inches from bottom of rail, then horizontally across 
the joint and diagonally downward to top of base of non-impact rail at 6 inches 
from join‘, along top of base to 9 inches from joint and then down across the base 
of the non-impact rail. Another crack developed in the web of the non-impact 
rail but did not extend quite to the top of the base of this rail. 





Fig. 46 — Thermit welds made by the Metal and Thermit Corporation 
under the supervision of Mr. J. H. Deppeler. 


The horizontal crack in the web of the non-impact rail was noticed at 319.100 
blows, about 20,000 blows before rupture. 
Rail 12-4: 


The head of the impact rail broke under the tup downward to 3% inches from 
base, then horizontally across the joint and diagonally downward to the base of the 
non-impact rail at 4 inches from the joint. 

Rail 15-16: 

The head of the impact rail broke under the tup through the head. This 

break spread in two directions from the fillet under the head. One developed 
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diagonally downward in the impact rail until, at the bottom, it was 5 inches from 
the joint. The other was about horizontal, crossing the joint at a height of 4 
inches from the base and extending into the non-impact rail jaggedly and con- 
tinuing to the base 64 inches from the joint. The part below these cracks fell 
out and the joint broke under the tup. 3 pieces. 
Rail 15-27: 

The head of the impact rail broke under the tup downward to 3% inches from 
base, then horizontally across the joint, and diagonally downward to the base of 
the non-impact rail at 334 inches from the joint. 





Fig. 47 — Thermit joints made by Third Avenue Railway System under 
the supervision of Mr. E. M. T. Ryder. 


Rail 15-18 Thermit: 

The head of the impact rail broke across the top directly under the tup, i. e., 2 
inches from the joint, then vertically.downward through the head to the top of 
the web, 43% inches from bottom of rail, then about horizontally across the joint 
to 1% inches from joint in web of non-impact rail, thence diagonally downward 
to base of non-impact rail at a line 4% inches from joint. 2 pieces. 

General description of failure for cast joints. 

The failure of cast joints occurred suddenly. This might have been due to 
the fact that the casting covered the rails and joint and nothing of the incipient 
failure was visible until within a few blows of final failure. The bottom generally 
dropped off and very soon (perhaps a dozen blows later) the rail parted. 

General description of failure for thermit joints. 

The failure of the thermit joints was more gradual, at least more visibly 
gradual, than the failure of the cast joints. A crack appeared first in the web of 
the non-impact rail, turned down toward the base of the non-impact rail and 








60 JOURNAL OF THE A. W. S. [May 


also spread across the joint in the web horizontally and then vertically in the im- 
pact rail up to a line below the striking line of the hammer (i. e., 2 inches from 
the joint). Since the operator is not with the machine continually, it was possible 
in only one case to note the manner of failure. 


GENERAL STATEMENT IN REGARD TO THE RUPTURE OF 
WELDED RAIL JOINTS UNDER THE IMPACT TEST 


S. W. MILiter 


Most of the welds so far tested in the repeated impact machine were of the cast 
iron or thermit weld types. There was one seam weld, one bar weld and one butt 
weld. In all cases there was evidence of detail or fatigue fractures. 

In the thermit welds the failure seems to have been first by shear through the 
web at approximately half way between the base and head, and this surface of shear 
was broken long enough before the rest of the rail gave way to be worn smooth. 
The butt weld broke in the same manner and shows the same evidence of detail 
fracture. 

The bar weld broke through the joints, the plates fracturing in detail at the joint. 

The cast iron welds broke diagonally from a point near the joint on the rail head 
to a point beyond the casting on the base. In two cases an elliptical piece broke out 
of the rail base. In these two cases the cast iron broke on the plane of the bottom 
of the base. The two pieces that broke out of the rail bases showed detail fractures 
at the break. In some cases the detail fracture was more clear for a short distance 
from one of the bolt holes. 

In view of the short distance between the supports (in most cases 22 inches), I 
think a little calculation should be done on the effect of loading a rail of the section 
used at the center. I think it is probably true that under the conditions of the test, 
the failures were perfectly natural, although they were entirely different in type 
from those of the other tests. The difference between the methods of failure in 
different kinds of tests is very interesting and, I think, has an important bearing on 
design. The appearance of detailed fractures shows that the test produces stresses 
that are probably more than half the ultimate tensile strength. I say this because 
Prof. Moore has found that the endurance limit in alterating stress tests is approxi- 
mately half the tensile strength. 


A BRIEF HISTORY OF THE PROPOSED ROTARY MACHINE FOR 
TESTING RAIL JOINTS 

In the autumn of 1921, or thereabouts, several Way Engineers met at a plant 
where joints, plates and other rail accessories are manufactured to discuss and 
examine the fit of joint plates, and ascertain the greatest possible area of contact 
between plates and rails. The discussion expanded into the field of welded rail 
joints and the question arose as to how joints might be tested to determine their 
relative merits. A rotary machine, consisting of special trucks carrying standard car 
wheels and operating on a circular track was suggested, and at a subsequent meet- 
ing of the Committee on Way Matters this subject was again brought up and a 
sub-committee appointed to study the feasibility of such a scheme and prepare a 
tentative design for the machine. 

Shortly after the Committee on Welded Rail Joints was formed, consisting of 
members of the American Electric Railway Engineering Association, the American 
Bureau of Welding, the United States Bureau of Standards, several universities 
and a number of manufacturing concerns. As this Committee was formulated with 
the definite purpose of studying and improving various types of welded rail joints 
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it was decided by the Committee on Way Matters to turn over to them the considera- 
tion of proposed rotary service testing machine. The Chairman of the Sub-Com- 
mittee appointed to design this machine being a member of both Committee on Way 
Matters and Committee on Welded Rail Joints was retained as Chairman of the new 
Committee to further study this subject. 

A design was accordingly prepared which consisted of eight 2-wheel trucks, wheels 
mounted tandem fashion operating on a single rail circular track having a radius 
of 40 feet. The trucks were carried at the end of radial arms made of structural 
steel, said arms converging to a common center and revolving around a center pin 
carried on a substantial concrete pedestal. Trucks were connected around the outer 
diameter of the circle by rods so that the whole formed rather a rigid frame revolv- 
ing in a horizontal plane. The frame, however, was flexible enough in a vertical 
direction to permit the wheels to follow any irregularities which might develop 
in the track. The apparatus was to be driven by two railway motors mounted on 
diagonally opposite trucks and each truck was to carry sufficient load of scrap iron 
or other suitable material to bring the total weight on wheels up to that of the 
average street car. In fact the trucks were so designed that this load might be varied 
so as to cover the range from the lightest to the heaviest of street railway cars. 

Several different schemes were proposed for the support of the single rail track. 
One consisted of wood ties 6” x 8” x 4 long spaced 2’ center to center and sup- 
ported on stone ballast which in turn rested on a concrete slab, the concrete slab 
being carried between two vertical walls about 5’ high so that the whole machine 
would be about 5’ off the ground, which would permit easy inspection of rail joints 
even while the machine was in operation. Another scheme proposed, merely to 
support track on ties similar to above with ballast laid directly on the ground. 
This arrangement would, of course, be cheaper but the track would be harder to 
maintain in proper surface and alignment. Still another scheme proposed a rigid 
support for the track, consisting of short blocks of wood buried in the top of a 
concrete wall, the rail being spiked to these blocks. 

The Bureau of Standards at Washington offered space on which to erect this 
machine and, furthermore, they offered their services in supervising the operation of 
this machine. In fact, it was to become a part of the equipment of the Bureau. The 
Committee unanimously endorsed this location although several railway companies 
and also manufacturers had offered sites free of charge. It was felt by the Com- 
mittee that it would be very desirable to have this apparatus located at the Bureau 
and operated under their jurisdiction and guidance so that the results obtained would 
be free from any prejudice and would carry weight with the industry interested. 

The design of the machine was examined by several prominent engineers and met 
with their approval, and final plans were drawn up and bids secured from a number 
of different manufacturers. All of the bids secured were surprisingly high, so much 
so in fact that the Committee felt they could not go ahead with this project without 
securing additional funds or substantial donations in the form of material. Severai 
manufacturers did offer to supply certain materials and to eliminate altogether their 
profits, but even then the cost was prohibitive for the amount of funds which the 
Committee had to spend. 

The work of designing the machine, obtaining bids, etc., involving as it did many 
conferences between. people more or less widely separated and who were busy with 
other affairs, consumed a great deal of time and in the meantime some members of 
the Executive Committee on Welded Rail Joints felt that perhaps the same results 
could be accomplished by other and cheaper means. This lead to a thorough dis- 
cussion in Executive session. So much opposition developed to the building of the 
machine even if it were possible to raise the funds that the matter was laid on the 
shelf for the time being. 
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An attempt had been made to secure the co-operation of the steam railroads but 
the parties who were approached on this subject felt that it was not of sufficient 
interest to the steam railroads and they, therefore, refused their help. 

Recently, however, interest in this machine has been revived by a large manu- 
facturer who has offered to build the machine and operate it at absolute cost, and 
at the last meeting of the Committee held in Washington on February 16, interest 
among the members was revived to some extent and it was indicated by a visitor 
from the steam railroads that they might become interested in this proposed rotary 
machine and the work of the Committee on Welded Rail Joints in general. 


TELEMETER AND OTHEOGRAPH TESTS 

Railway and railroad engineers have for a long time felt the need for reliable, 
authentic data as to the stresses in railroad and railway track caused by passing 
cars and locomotives and the impact blows given to joints by car wheels. A 
great deal of work has been done in this direction, principally under the auspices 
of Prof. Talbot of the University of Illinois, chairman of a Special Committee 
of the A.S.C.E. on “Stresses in Railroad Track.” Attempts have also been made 
to devise recording devices to measure these stresses and impact blows. 

In order to make a wide variety of studies in this field, the General Electric 
Company developed a device called “otheograph” which they have been using 
with satisfactory results. The Welded Rail Joint Committee has considered the 
possibility that this type might be used in its own work in measuring the blows 
delivered by car wheels to imperfect welded joints. A sub-committee has been 
appointed to take this matter up with the General Electric Company. It seems prob- 
able that both the American Railway Engineering Association and the American 
Electric Railway Engineering Association will be interested in these tests. A descrip- 
tion of the otheograph extracted from an article appearing in Railway Age, Aug. 
16, 1924 is included at the end of the report as Appendix B. 


ELECTRICAL TELEMETER 
A device somewhat different from the otheograph has been developed by the 
Bureau of Standards for measuring and recording stresses. This instrument which 
is really an electrical device for recording the measurements of the strain gage 
has been perfected to the extent that the engineers of the Bureau of Standards 
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Fig. 48—Telemeter or Carbon resistor type strain gauge. 
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think it feasible to use in measuring the stresses caused by imperfect joints. Pre- 
liminary investigations are now being made in the street railway tracks of the 
local traction companies of Washington. Below is given a description of the 
telemeter furnished by the Bureau of Standards. 
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The electrical telemeter is a device which may be adapted for measuring forces 
from any source, or for measuring strains in structural members under live or steady 
loads. The magnitude of the force or strain may be indicated on a milliameter if 
steady, or recorded photographically if of a rapidly varying character. Experiments 
are now being made, with good promise of success, in measuring the stresses in 
rails due to impact from car wheels. 

An adaptation of the device for measuring strains in structural members generally, 
and which is being used in the rail tests, is shown in Fig. 48. This consists of a solid 
steel frame A with two stacks of carbon rings B mounted under pressure within it 
on opposite sides of a lever C which is integral with the frame. A thrust rod D 
passes through the frame and terminates in an anchor block E by means of which 
the gage is clamped to the member. The frame is provided with a similar anchor 
block F. The gage length may be from 2” to 24” or more, as desired. 





Fig. 50 — TeLtemeter Tests 
L. S. Co. 122-491 Rail Carbon arc seam welded No. 1 Standard Pilates. 





Fig. 51 — Tetemeter Tests 


A strain in the member causes blocks E and F to move relatively to each other, 
and this motion is communicated by the thrust rod to the lever C, which is deflected 
and in turn communicates the motion in reduced ratio to the stacks of carbon rings 
B. The electrical resistance of one stack is in this way increased, and that of the 
other decreased. The sum of the changes in the two stacks has been found to 
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be directly proportional to the strain, which makes it possible to calibrate the instru- 
ment to read directly in thousandths of an inch. 
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To utilize the change of resistance the stacks of carbon rings are made two of the 
arms of a Wheatstone bridge, the two other fixed arms being placed in a panel and 
the two parts connected: together by means of a 3-conductor copper cable which may 





in diameter laid on the rail to produce an 


= 


ow 
4 


is clearly 


Fig. 53 —Recorp No. 17. 
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be as much as 2,500 feet long if necessary. In place of the galvanometer ordinarily 
used, a milliameter or oscillograph element is substituted, according to the kind 
of work that is being done. 

The instrument is calibrated with constant current or constant voltage on the 
bridge circuit. Calibration is accomplished by imparting to the thrust rod D a 
displacement relative to the frame which is measured by means of a micrometer 
microscope, and reading the corresponding deflection of the needle of the millia- 
meter, or the light spot from the oscillograph mirror. A similar deflection ob- 
tained on a test member indicates a corresponding strain, which, by means of the 
modulus of elasticity may be translated into terms of fiber stress in pounds per 
square inch of cross-section. 

The instrument is capable of a wide range of sensitivity, which depends upon the 
proportions of the parts of the gage and the adjustment of the electrical circuits. 
The effects of inertia are avoided by making the natural frequency of all moving 
elements subject to other than forced vibration at least three times that of the 
phenomenon being measured, and damping such moving elements critically, or nearly 
so. By these means vibrations up to 550 cycles per second have been measured in 
true proportion by recording them on photographic film, with the record from the 
telemeter beside that of the mechanical vibration as a check. 

The magnitude of the errors depends upon conditions, but ranges from one per 
cent or less for steady strains under laboratory conditions, to five to ten per cent 
for field conditions involving severe impact. 








Fig. 54 


REPORT ON CONTACT PYROMETER 
At the request of the Committee on Welded Rail Joints, the Pyrometry Section of 
the Bureau of Standards has designed and built a contact pyrometer to determine 
the temperature of the rails during pre-heating and post-heating.. The instrument is 
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very simple and can be constructed by any pyrometer manufacturer at a cost of 
less than one hundred dollars. It resembles a walking stick being about 30 inches long 
and weighing 17 ounces. Holding the pyrometer by its handle at one end, the other 
end is held against the rail at the point where the temperature is to be found. Wires 
pass through the handle and are connected to an indicator graduated in degrees 
Fahrenheit, so that the temperature is read directly. About 30 seconds after the 
pyrometer is first placed in contact with the rail, the indicator reads the temperature 
of the rail. This time is greatly reduced when the temperature at various points 
on the rail is taken in rapid succession, without allowing the tip to cool very much 
between readings. No training or skill is retjuired to use the instrument and the 
indicated readings will probably not be in error by as much as 25° F. They should 
never be in error by as much as 50° F. 

The contact pyrometer consists of a chromel-alumel thermo-couple mounted in a 
thin steel tube in such a way that the hot junction protrudes and may be placed in 
thermal contact with the surface of the rail. The hot junction consists of a gold disc 
1 millimeter thick and 7 millimeters in diameter, into which two holes .7 millimeters 
in diameter and 2.6 millimeters apart are drilled partly through and No. 22 thermo- 
couple wire hard soldered into the holes. The gold disc is backed with mica discs to 
a thickness of between 2 and 3 mms to provide thermal and electrical insulation 
between the hot junction and the steel tubing, as well as to cushion the gold disc. 
The front surface of the gold disc is smooth to permit good thermal contact with 
the rail. 

The gold tip and about four inches of the thermocouple wire form a replacable 
unit that can be removed by taking off a cover plate and loosening two clamping 
screws. 

The instrument was tried out in the laboratory and was found to register a tem- 
perature consistently lower than that of the rail. The temperature registered was, 
of course, that of the gold disc. The meter to be used with the instrument is to 
be graduated to read high by the proper amount so that it will read the temperature 
of the rail and not that of the gold disc. 

Five different units were used in the laboratory test. In four of these the thermo- 
couple wires were imbedded in gold discs and in the fifth no gold was used, the 
thermocouple wires were welded directly together and flattened out into a disc. 
The units made with a gold disc proved far superior to the one made without the 
gold disc, the last one being less consistent and more sensitive to slight tilting of 
the pyrometer. All the readings taken with the four units making use of a gold 
disc fell within a range of 15° F., i. e. the highest reading with the rail at a given 
temperature, 950° F., was 15° above the lowest reading obtained. Unless the instru 
ment is grossly abused, the readings should indicate with certainty the temperature of 
the rail within 50° F. 


DATA FURNISHED BY MAKERS OF JOINTS 


Note.—The information given below was received since publication of Progress Report N 

Joints 15-29 to 15-42 made by the Third Avenue Railway System under the 
supervision of Mr. E. M. T. Ryder. Rail furnished by the Lorain Steel Company 
Full length rails 60 feet long were laid and lined; the cuts laid out and sawed 
through with a hack saw; the bolt hole drilled and the plates bolted on. After 
the plates were all on wedges were placed in the joint at west end of rail and 
all were butted up tight. The wedges were inspected from time to time to see 
that the joints remained tight. 

The analysis of the joint plates were as follows: 

Carbon, .15-25; Manganese, .30-.70; Phosphorus, not over .06. 


? 
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The filler rod was 9/32” diameter, 24” long, furnished by the Rail Welding and 
Bonding Company. No flux was used. Average currents for welds 225 amperes. 
The joints were first preheated to a temperature of about 390° F. or until a 
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piece of lead foil at the center of the plate over the joint fused, 15 to 20 minutes. 
The seams to be welded were then cleaned with a wire brush and the filler rod 
placed in position at the inside base seam. The rate of fusing of a 9/32” diameter 
rod was from 5” to 6” per minute. The sequence was: Inside base, outside base. 
Inside head, and last shoulder seam. Deflector bars were used for inside head ’ 
seam. The shoulder seam was welded by placing the first filler rod in the groove 
next to the head of rail. The second rod was placed in the groove formed by the 
first rod and the place and the third was puddled down to finish. The completed 
joint required 344 pounds of added metal, of which one half was in shoulder seam 
The weather at the time these welds were made was variable, ranging from cloudy 


to fair. Temperature: 40° F. to 55° F. All bolts were tightened and sealed tight 
with the arc after joint was cool. 











Fig 56— Plates used in making the shoulder type of seam welded joint by 
the Third Avenue Railway System. 

Joints were preheated by means of kerosene torch, consisting of a ten-gallon 

pressure tank and two torches, air pressure being maintained in the tank at about 

25 pounds per square inch by means of a hand. pump. One torch was placed at 
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one end of the plate about six inches away from it on the head side of the rail 
and the other torch placed at the other end of the rail on the lip side of the 
rail. The torches were both reversed from time to time so as to obtain as even 
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heat as possible. Fifteen to twenty minutes, depending on weather conditions, 
were required to bring rail to the proper temperature. About 390° F. No Post- 
heating Used. 

Joints 15-29 to 15-41 inclusive were cut through by a hack saw and are more 
accurately fitted for this reason. Joint 15-42 was slightly undercut. The rail ends 
being the same as cut at the steel mill. 

Joints 14-1 to 14-14 Made by the Rail Welding and Bonding Company under the 
supervision of Mr..R. B. Fehr. The rail was furnished by the Lorain Steel Company. 
The fish plates were furnished by the Bethlehem Steel Company—carbon content 
0.19%; manganese contént 0.48%. The rails were cut in the shop to lengths of 
4 ft. 6 in. and the ends were milled, square at the head and undercut slightly below 
the bottom of the rail head. The drift pin method was used to bring the abutting 
rail heads under compression. The filler rod was slowly fed in by hand on the 
side towards which the arc advanced. 





Fig. 58—Rail joint specimens prepared for the Committee by the Cleveland 
ailway Company. 





Fi 


g. 59—Welding specimens for the Welded Rail Joint Committee by the 
Cleveland Railway Company. 
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When the seam had been welded the arc was again applied at the beginning of 
the seam. Three or four inches of the seam were then retraced by a long arc so 
as to obtain merely surface fusion and then the second seam was welded over the 
remaining portion of the first seam. The final step was to postheat the double weld 
by the retracing operation. After each welded joint had cooled off, all bolts were 
removed. 

A 3-inch length of the fish-plate and rail where the seam weld was to be 
started was preheated by means of a long carbon arc for at least 10 seconds. The 
temperature was thus gradually brought up to the welding point, and at the same 
time the adjacent portions were so well heated up that the rate of cooling of the 
weld metal was considerably reduced. 

All seams were postheated immediately after being welded by the retracing 
operation which consisted in passing a long arc along the seam weld at such a 
rate as to cause slight surface fusion. 

Sequence of welding changed for several of the joints in accordance with the 
guiding principle that there is a tendency for the welded joints whe1 cold to become 
concave on the side on which the seams were welded first. The sequence of welding, 
was, therefore, determined in each case by means of a 2 ft. straight edge applied to 
the running surface of the joint just prior to welding. Outside temperature 58° to 78°. 


| iil dl 





Fig. 60—View of inside plate on test joint welded and completed. Detroit 
Street Railways. 





Fig. 61—Inside view of full length of test rail, showing test joints after 
welding was completed. (Detroit Street Railways.) 
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Toints 2-1 to 2-14 made by the Cleveland Railway Company under the super- 
vision of Mr. C. H. Clark. Rail furnished by the Bethlehem Steel Company. Fil- 
ler rods were low carbon steel. Two rods 9/32” x 10%” on top with 2-9/32” x 1” 
at each end on top. Two rods 9/32” x 11” on the bottom. Carbon electrodes were 
used, 5/16” x 12” each. Flux about 2 oz of Soda Carbonate NasCos to each joint. 
The joints were welded after riveting. Forty-five minutes were consumed in weld- 
ing one joint. Temperature 20° above zero. Cold and snow. No preheating. 
Joints were not ground. No postheating 

Joints made by the Detroit Street Railways under the supervision of Mr. H. M 
Gould. (Metallic Electrode Welds 7-1 to 7-12.) 

Rails were laid in existing track, spiked to wood ties, and the outside ends welded 
to the adjacent tee rails. The joints between the test plates were fastened with 
standard bolted plates, with open joints for wedging so as to force the individual 
joints together as each is cut and welded. 


Analysis 
Rail Plate Welding Wire 
No. 9-5/32” coated 
Heat No.4 Narrow (inside) Wide (outside) electrodes 


Manganese ........... 0.830 .476 .705 1.07 
Phosporous .......... 0.028 01d .022 0.016 
Sellgher - Ficdesdsaves« 0.075 044 033 0.049 
Silicon  . Haeoeks vensis 0.100 .012 5317 0.008 
Carbon 4 stuedccbesacs 0.780 164 352 0.323 
Beinell Hieeieene «0.005: eauneere 103 131 


No flux used other than the coating of electrodes. Air temperature 34°. Sequence 
of welding — Welded top and bottom of inside plate first, then welded bottom and 
then top of outside plate. Welded nuts and bolts last. No preheating or postheating 

Joints made by the Liteweld Co., under the supervision of Mr. J. C. Lincoln. 
Seam Welds 25-1 to 25-12. 

A base plate about 8” x 20” about 5” thick, was provided to place under the base 
of the rails. The fish plate was grooved off along the top to allow proper space for 
weld metal between the top of the fish plate and the rail. The weld between the top 
of the fish plate and the rail was made complete across the rail ends. The base of 
the rail and the bottom of the fish plate were welded, the weld ending about ™%” or 
¥%” from the rail end on each side. The base of the rail was welded on the base 
plate, leaving the same gap at the rail ends. The weld metal was peened so as to 
relieve any internal contraction strains, especially on the upper seam. 


PROGRAM OF INVESTIGATIONS OF WELDED RAIL JOINT 
COMMITTEE 


Object: To improve present methods of making seam welded joints. 


Nore: Members of the Welded Rail Joint Committee voted to concentrate its 
efforts for the present in improving the seam welded joints. There is a greater 
variation in methods in use in making this type of joint than in any other. More- 
over most of the street railways are using this type of joint to a more or less 
degree and are therefore interested in its development. Again the Committee felt 
that because the other types are for the most part controlled by patents that the 
manufacturing companies interested should make suggestions for a program of 
investigation. 

Investigation No. 1 

Object: To test several kinds of welding wire (Carbon and metal arc) ,— 

Roebling, Rail Welding and Bonding Co.’s No. 200, Armco, General Electric Com- 


pany, Molybdenum and C. F. Gailor’s No. 5 (carbon arc) and No. 25 (metal arc). 
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General: For each of the wires tested the following methods shall be used: 

1. Weld together two plates of 0.20 carbon each 9” x 12” x %". Plates should be 
double beveled to a total opening of 90° each side and welding started with 4%” 
opening at center at one end and 1/6 of an inch at the other end (usual allowance 
for contraction during welding — 4%” per foot of seam). The metal is to be deposited 
in one Tayer each side and welding to be done in flat position. In making the second 
weld it should be started at end where weiding was just finished and not started at 
the cold end. From each of these plates there will be cut three tensile and three 
bend test specimens in accordance with American Bureau of Welding Specifications 
Bulletin No. 1. (Extracts given at end of program.) 

2. Repeat above with plates preheated. 

. Repeat (1) with plates having 0.75 carbon. 

. Repeat (2) with plates having 0.75 c@rbon. 

. Repeat (1) with one plate having 0.20 carbon and the other having .75 carbon. 
. Repeat (2) as above. 


nun Ww 


Investigation No. 2 

Object: To develop a joint plate and methods of welding which will give the 
maximum area of welded cross section in seams; particularly top seams. 

General: In this investigation for the preliminary work it will not be necessary 
to make full size joint specimens as two kinds of values, namely area of soundly 
fused weld metal and shearing strength of the seams will be obtained as indicated 
below. Specimens will be made by welding up 12 in. sections of fish plates in a 
60 ft. Association Standard 7” girder rail. The distance between sections shall be 
at least 3”. The length of a welded seam shall be 10” (1” space being left at each 
end). Both top and bottom seams on head and lip side shall be welded. The welding 
shall be done in such a manner to simulate track conditions which means that the 
rail must rest on the floor and not be placed on a bench as it is the object in this 
investigation to check the difficulties which the operator must encounter with a 
particular type of fish plate and method of welding. 

These test specimens shall be cut apart by an oxy-acetylene torch. Each section 
having a 12” fish plate welded by 10” seams shall be cut in half with a saw and 
an examination made of the face to indicate quality of welding. One-half of the 
section shall be sheared by placing them in a compression machine and the force 
necessary to do this recorded. The other half shall be wedged off by means of 
a triangular wedge after a kerf has been made thru the center of the fish plate 
by an oxy-acetylene torch. On the section that is wedged off a careful record shall 
be made of the cross sectional area of soundly fused metal. Three specimens shall 
be made of each variable. 

One wire for carbon arc and one wire for the metal arc method shall be used 
throughout this investigation. Full size photos shall be made after deep etching of 
each specimen. 

Variables: Several selected types of fish plates shall be used. On each type there 
shall be employed the following methods : 

a. Hand feed with a 9/32” rod in one layer depositing 14%” of rod per inch of 
seam. » 

b. Hand feed with 9/32” rod depositing 3” of rod per inch of seam. 

c. Hand feed with 9/32” rod depositing weld in two layers using 144” of rod per 
inch for each layer. 

d. One 9/32” rod in position. 

e. One 9/32” rod in position and rewelded with another 9/32” rod laid in position 
on top of first weld. 

f. Repeat “e” using third rod. 

g. Metallic arc weld with 5/32” rod one layer, same cross section as in “a.” 

h. Metallic arc weld with 5/32” rod one layer having same cross section as “ b.” 
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i. Metallic arc weld with 5/32” rod metal deposited in two layers each having 
same cross section as “ c.” 


j. Metallic arc welding using 4” rod depositing same amount of metal as “ b.” 


Note: The three best types of joints from the above test will be checked by full 
size specimens in tension and repeated impact (three each). No pressure shall be 
used in bringing rail heads together. 26” joint plates shall be used for check tests. 
The types of fish plates to be tried out are shown in Fig. 62. 


Investigation No. 3 

Object: To compare the value of preheating, postheating. 

General: Nine full size specimens (three each for drop, tensile and repeated 
impact) shall be made of each variable given below with wire and joint plates 
selected as a result of Investigations 1 and 2. 

Variables: (1) Make nine specimens without preheating or annealing, (2) Repeat 
1 preheated, (3) Repeat 1 postheated, (4) Repeat 1 preheated and postheated. 


Investigation No. 4 
Object: To test the value of base plates. (34” plain plate 9” wide.) 
General: Six full size specimens shall be made of each variable below with 
wire and joint plates selected from Investigations 1 and 2. 
Variables: 1. Base plates not preheated. 2. Repeat (1) preheated. 


Investigation No. 5 

Object: To compare the merits of the different methods used in securing tight 
fit between rail heads. 

General: Six full size specimens shall be made of each type with wire and joint 
plates selected from Investigations 1 and 2. 

The following methods shall be used for securing tight fit: (1) Standard drift 
pin without the use of inserts, (2) with use of inserts and, (3) two pressures with 
use of jacks. 


EXTRACTS FROM BULLETIN NO. 1, AMERICAN WELDING 
SOCIETY—STANDARDS FOR TESTING WELDS 


1. PREPARATION OF TEST WELDS 

No detailed instructions for the preparation of test welds can be given as the 
dimensions, material, etc., will depend upon the purpose for which the weld is being 
made. The test weld should, however, duplicate as nearly as practicable, the 
commercial welds which it represents and should preferably be of such a size as 
to permit preparation of enough specimens from the one test weld to make all of the 
mechanical tests which are to be made. 

When the test weld is made with material in sheet or plate form, the longest axis 
of the test specimen should in general, be parallel to the direction of rolling. 


2. GENERAL PROCEDURE 
(a) Wherever applicable, the standard procedure of the American Society for 
Testing Materials as given in the A. S. T. M. Standards for 1918 (serial designation 
E-1-18) shall be followed. 
(b) Three duplicate specimens shall be tested in any one test and the average taken 
as the value of the property determined by this test. 


3. Tense Tests,—WeELpD 
(A) Test Specimens 
The shape and dimensions of the test specimen are shown in Fig. 1 with the weld 
at the center. 
It is especially necessary that the 1.5 inch sides of the specimens be machined, 
particularly if the two pieces of base metal are offset or if they form an angle at 
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the weld. Tests made in the latter case, where the specimens are not machined, are 
not reliable. Furthermore, care must be taken that specimens having the latter defects 
are not “straightened” before being machined because such treatment is likely to 
materially decrease the strength of the weld. A roughing cut in a planer or shaper 
which will just “clean up” the surfaces of the specimen is sufficient. 


(B) Test Results to be Recorded 

(a) Ultimate Strength. Unit stress (lb. per sq. in.) computed from the area of 
the original section. 

(b) Yield Point. Unit stress (1b. per sq. in.) at which marked increase in deforma- 
tion of the specimen occurs without increase of load as indicated by a sudden dropping 
of the beam of the testing machine or by a sudden increase of the rate of elongation 
as shown by dividers. 

(c) Contraction of Area. Expressed in per cent of the original area. 

(d) Appearance of Fracture. The appearance of the fracture as determined with 
the aid of a low power magnifying glass (such as jewelers use) should be recorded. 
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The characteristics described by the following nomenclature should be covered 
indicating as far as possible the per cent of the total area which is involved. For 
example, “10 per cent not welded” would signify that approximately 10 per cent 
of the total area of cross section at the fracture is exposed base metal—that is, not 
welded. 
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Spongy: Full of small cavities; the structure resembles that of a sponge; porous. 

Slag inclusions: Foreign matter entrapped in the weld. 

Gas pockets: Small or large cavities more or less isolated (i. e., not of a regular 
spongy structure). 

Not welded: Exposure of any portion of the surface of the base metal indicating 
imperfect fusion between the base metal and the filling metal. 

Laps: Imperfect fusion between adjacent portions or between successive layers of 
filling metal. 

(The recording of the following data is optional.) 

(e) Proportionality Limit. Unit stress (lb. per sq. in.) at which the deformation 
ceases to be directly proportional to the load. 

Any type of extensometer may be used but in precise work the deformations of 
two opposite elements of the specimen, preferably on the edges, should be obtained. 
For ordinary purposes deformations in only one element of the specimen need be 
measured, but in that case the gauge marks should be on the center of the line of 
the 1.5” side. 

The gauge length may be either 2 or 8 inches. 

(f) Modulus of Elasticity. Unit stress (lb. per sq. in.) computed from data 
obtained from a specimen:having an 8” gauge length; measurements to be taken on 
two opposite elements, one on each edge of the specimen. 

(gz) Total Elongation. Gauge marks shall be laid off every inch along a line at 
the center of one of the 1.5” faces of the specimen before placing in the testing 
machine and the total elongation in every inch after rupture recorded. The total 
elongation in the 1”, 2” and 8” (if any) length which included the break shall be 
reported. 
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4. Benpinc Tests, — WELD 
(A) Test Specimens 
(a) Weld. The shape and dimensions of the specimen are shown in Fig. 5. 
In the case of welds in flat rolled material, the surface of the weld shall be 
machined substantially flush with the surface of the specimen unless the specimen is 
bent or offset, in which case it shall be machined all over. Cast and other irregular 
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specimens shall be machined all over. It is essential that the edges of all specimens 
be machined to remove material in a condition likely to cause premature failure. 

The thickness, t, of a weld specimen shall be as nearly that of the base metal as 
possible, 

(B) Apparatus 

In order to load the specimens so that as large a part of the bend as possible shall 
occur in the weld metal, the special fixture outlined in Fig. 6a and 6b shall be used. 
It is most conventiently used with any standard universal testing machine but may 
be operated by any other convenient mechanical means. 

The cylindrical surface D, (Fig. 6a) about which the specimen is bent shall 
conform to the requirements of the American Society for Testing Materials for 
































bending tests of the base metal.* This piece is attached to the under side of the 


*For ship-plate steel (58000-68000 Ib. per sq. in. tensile strength), it is “ The 
test specimen shall bend cold through 180 degrees without cracking on the outside 
of the bent portion, as follows: For material 44” or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen; for material 
over 4%” to and including 144” in thickness, around a pin the diameter of which is 
equal to 1% times the thickness of the specimen; and for material over 14” in 
thickness, around a pin the diameter of which is equal to twice the thickness of the 
specimen.” 
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moving head of the testing machine, Upon the platform shall be fastened two 
blocks having machined top surfaces and polished’ corners of radius, R, of 1.00”. 
These blocks shall be separated by a distance, W, equal to D plus 2T plus 4%”. A 
lubricant of lard oil and graphite or similar compound shall be used on these surfaces. 

Two specimens shall be tested. The load shall be applied at the center of the 
weld,— in one specimen to the open side of the “V” and in the other specimen to 
the closed side. 

The rate of application of the load shall not exceed that at which the beam can be 
kept balanced at all times or a maximum of 2” per minute. 

The angle through which the specimen is bent may be measured by any convenient 
method. The following method is described as a matter of information. 

A piece of paper is held firmly against the edge of the specimen when it is in 
place on the testing fixture and a line drawn on the paper along a corner of the 
specimen, thus outlining the shape of the specimen so far as bending is concerned. 
A line is drawn before loading and after failure occurs. The change in the angle 
in the two lines as determined with a draftsman’s protractor is the angle through 
which the specimen had been bent at failure. See Fig. 14. 


(C) Tests Results to be Recorded 


(a) The total angle through which the specimen has been bent when the first 
crack appears upon the convex surface (that is, the sum of the angles through 
which the two halves were bent). To be measured without removing the load. 


neta i 


Note: An electric light and mirror will assist in observing this surface as indicated 
in Fig. 6b. 
(b) The load on the specimen at which the first crack occurs. 


























REPORT OF SUB-COMMITTEE ON INSPECTION OF FRACTURED 
JOINTS 
Jornts Broken ny Drop Tests 
Seam Welds 

4-8 broke at end of third blow. Fracture at end of weld and thru last bolt hole. 
Rail shattered thru web. Quality of added metal very rough, probably not very 
good. Cracked at end of weld probably because of rapid cooling. This might have 
been cracked before tests and possibly cracks could be avoided by preheating. 

4-10 broke on fourth drop. Break was thru rail at one end at end of weld. Plates 
on head side cracked at joint. Broke thru weld on lip side. Welding very rough 
and irregular on one lip side. 

4-12 broke on fourth blow. Break thru rail and plates at joint on head plate also 
at bolt hole on lip plate. Also cracked thru base in rail near edge of outer bolt hole. 
Quality of welding good. 

5-10 broke on second drop. Break thru rail at ends of welds thru last bolt hole 
; in web. Plate remained intact. Welds poor. 
eat 5-11 broke on second drop. Broke thru rail where welding stopped on lip side and 
ret also on bottom at head side and %4” at top on head side. Base of rail broken at 
opposite end at end of weld. Mr. S. W. Miller states it probably could be avoided 
by preheating. Plates not broken. 

5-12 broke on seventh drop. On one end base broke 2!4” from joint. Diagonal 
break thru web at joint. Not good fit under head. Broke thru plate at joint on head 
side, on lip side thru first bolt hole. 

: 8-12 broke on fourth drop. Vertical cracks thru seams at base. Welding good 

i except no fusion under lip part of way. Broke thru rail base at end of weld, on top 
: at end of fusion 244” from end of plate. 
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8-13 broke on first drop with break similar to 8-12 above. Structure coarser than 
in 812. Welding good. 

8-14 broke on fifth drop. Broke in rail thru head and lip opposite second bolt hole 
probably on account of heating effect. At base broke thru rail at end of joint plate. 
At joint bottom welds broke and crack started at bottom plates for %4”. Good 
welds for top seams, excellent welds for bottom seams. 

15-9 broke on twelfth drop. Sheared thru weld top and bottom lip side. Plate 
broke lip side thru joint. On head side weld held. The opposite end sheared thru 
top and bottom head side. Welds held on lip side on end. 

15-8 broke on eleventh blow. Same remarks as for 15-9. 

15-10 not broken on thirteenth blow. Lip side on top half length broke thru 
middle of weld, bottom all thru weld. On head side bottom weld broke thru middle. 
Top thru middle weld except 3” near rail end which was between seam welds and 
rails. Rail shattered badly. Mr. S. W. Miller recommends hand feed process. 

16-5 (base plate joint) broke on third blow. Broke in rail at three points at end 
of plate welds. The other point at base under head side 114” beyond plate weld. 
Weld very good. Rail broke at other end 34” inside base plate weld on head side 
and 134” from end of weld lip side. Top of rail broke lip side at end of plate weld. 
Crack extending half way thru head. 

16-9 Rail broke at end of plate welds, probably because chilling effect when welding 
stopped. Mr. S. W. Miller suggests preheating and staggering both plate and base 
welds. 

16-11 broke on second drop. Broke thru rail at end of plate welds. Mr. S. W. 
Miller states that it is probably due to local chilling strains. 

21-6 broke on third drop. Broke thru rail and plates thru end bolt hole at end of 
base plate seams and at end of plate seam under lip at top. Weld good. 

21-12 broke on second drop. Rail and plate cracked at end of base plate weld lip 
side. Break began thru rail 14%” beyond base plate and extended diagonally thru 
web to head 4” from joint and vertically thru head (look at photo). Welds good. 

21-14 broke on sixth drop. Broke thru plates both sides one end at end of bolt 
holes and at ends of weld. Broke thru rail diagonally starting 5” from joint on base 
and 5” from joint on top. On other end sheared thru plate welds bottom both sides. 
Lip and groove of rail badly broken (see photograph). Lip plates sheared on end 
where plates broke top and bottom. 

Apex Joints 

22-3 broke on sixth drop. Plates loose on both sides. Slight bending of plates. 
Plates stripped. Welds poor. Welded to web but not to plates. 

22-2 broke on fourth drop. Weld broke loose from base on one end lip side 
from other base on other end head side. Practically no penetration. On head 
side other end broke thru weld and along web on top and loose from base on other 
end. ’ 

22-1 broke on fifth drop. Plates broke loose. No penetration. Welding very poor. 

9-12 broke on seventh drop. Broke in rail at diagonal edge of plate and at about 
same angle. Weld pulled away on lip side for 4” from joint. Weld pulled away 
from base of rail. 

9-11 broke on eighth drop. Both plates broke loose. No penetration. Design such 
that good fusion difficult to obtain between plates and web. Angle too steep. 

9-10 broke on eighth drop. Plates loose except one on lip side. Head side loose 
entirely. 

Cast Welds: 

13-1 broke on second drop. Broke thru joint with characteristic fracture. Broke 
thru rail bast 1” from joint. 

13-11 broke on third drop. Broke thru joint and along base. Characteristic 
fracture. Poured too cold. Many gas pockets. 
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13-9 broke on third drop. Fracture thru cast metal at joint. Good casting. Con- 
tact between casting and rail good. 

18-4 broke on fourth drop. Broke thru joint. Casting broke on line of base for 
one half casting. Base for this part covered with dirt. Weld about 5% porous. 
Contact between casting and rail good except at top of web on head side. Good cast 
metal. 

18-11 broke on fourth drop. Fracture thru cast metal. Not much separation of 
casting from rail. Some shrinkage cavities. 

18-13 broke on third drop. Broke thru joint to bottom of base of rail and then 
approximately along base of rail. Shrinkage cavities 15% of area above base plate. 
Contact between casting and rail good. 

3-14 broke on fourth drop. Broke thru rail 3” from end of casting thru hole in 
base and thru casting head side thru the pin in web on same end. Quality of 
metal good. Good contact between casting and rail. 

3-5 broke on third blow. Broke thru joint above base head side and thru pin on 
lip side. Pin shifted extends to outside of casing one side. Characteristic failure 
along base. Quality of cast metal good. Contact between casting and rail good. 

344 broke on third drop. Broke thru joint above base and then along base usual 
fracture. Sheared cast iron thru base holes. Broke thru yin in web. Quality of 
cast metal good. Good contact between rail and casting. 

Thermit Joints: 

15-24 broke on fifth drop. Broke thru rail at edge of thermit to top of web and 
diagonally thru thermit to joint. Blow hold under head at joint. 

15-23 broke on second drop. Break at edge of weld thru rail. Base of rail on lip 
side not fused to thermit. 

15-22 broke on fourth drop. Break thru rail 1” from joint. Broke in rail at edge 
of weld except head. Added metal good. 3 

12-12 broke on fourth drop. Broke on side of insert and thru thermit metal nearly 
to bottom of base. Base broke at edge of weld. Added metal porous also slag 
inclusions below insert at lip. Insert one third welded on head side. Can be 
improved by better preheating method. Slag might be overcome by slight mild 
change. 

12-11 broke on first drop. Broke thru rail on edge of weld. 

12-10 broke on fifth drop. Break thru rail on edge of weld except at guage 
side of head where it was not welded to insert. Insert not welded 14%” from guage 
line on one side. 

Bar Welds*: 

6-23 broke on first drop. Broke thru bars at joint. Contact between rail and bar 
good. Bottom corner of plates show columnar structure. Heated to high tempera- 
ture quickly and cooled quickly and setting up strains. Kleinschmidt states that this 
type of fracture seldom occurs in service. 

6-22 broke on second drop. Break thru plates. Contact between rail and bar 
good. Casting under electrode badly burnt. Mr. Kleinschimdt states plates and web 
burned because of overheating due to loose contact. Blow hole in steel head chock 
casting 4%” x 1”. About 34” to 4%” not welded at bottom of bars at center. This 
is true of all bar welded joints. 

6-21 broke on third drop. Broke thru plates at joint. One third of head broke 
in rail. ; 

6-13 broke on third drop. Broke thru plates at joint. Fracture of plates clean and 
web badly rusted. 

6-4 broke on first drop. Broke thru plates at joints. Contact between rail and 
bar good. 


*See H. F. A. Kleinshmidt’s remarks at end of report, p. 135. 
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6-2 broke on second drop. Broke thru plates at joint. Weld badly burned in 
center. 


Butt Joints: 

11-36 broke on second drop. Broke in rail in head about 1” from joint and in 
rail above groove and lip and thru joint in web and base. 

11-35 broke on fourth drop. Amount of upset all around 3/16”. Notch due to 
slag of about same amount as upset. Broke outside of weld in head of rail. Piece 
of head broken out. Broke thru weld for rest of section. Degree of welding must 
be determined by miscroscope. 

11-34 broke on fifth drop. Broke thru joint except above web where it broke 
thru rail 1” from joint. 

11-24 broke on fifth drop. Break thru entire head and lip irregular 3” from 
joint on head and 1” from joint on lip side. Break thru web and base for rest of 
section thru weld. On base and web amount of welding must be determined by 
microscope. Amount of upset 4”. 

11-23 broke on third drop. Notch due to slag about same depth as upset which 
was 3/16” all around. Break outside of weld in head of rail. Piece of head 
broken out. Broke thru weld for rest of section. Degree of welding must be 
determined by miscroscope. 

11-22 broke on third drop. Broke thru joint except head which broke %” back 
from joint. 

TeNsION TEsTS 
Seam Welds: 

4-1 broke thru rail at ends of weld and edge of outer bolt hole. Welds sheared 
from base of rail head side and top on lip side and base on lip side 3” allowing 
joint to separate 4”. Welds bad. 

8-5 welds sheared thru center. Quality of welding good. Section of welding is 
considerably smaller than 8-8. (Ultimate strength 350,000 Ihs.) 

8-8 welds sheared thru center. Quality of welding good. Section of welding is 
larger than 8-5. (Ultimate tensile strength 810,000 Ibs.) 

16-6 broke in rail thru base on lip side at end of base plate weld. On head side 
1%” back from end of base plate weld. On top broke 2%” from plate weld by 
shearing thru weld. Cracked thru the top lip side weld. Slight crack in top head 
side. No cracks in base weld. 

16-8 broke in ends of plate welds under head and lip at bottom at end of base 
plate welds. Welds cracked under head and lip, allowing 1/16” opening. 

16~12 broke thru rail at ends of all welds. Also thru end bolt hole in web. Slight 
vertical cracks in welds at top. Rails welded with gap at joint. 

22-12 seam separated from base of rail. Plates do not fish properly. 

22-11 weld broke loose from rail head side top and bottom. Broke loose from 
rail at base other end and from plate on top. Poor penetration. 

22-7 weld pulled away from base of rail bottom and from web and plate on top 
seams, 

Cast Jeints: 

18-12 broke thru joint. Blowholes above and below base. 

18-5 hroke thru joint. Casting porous near web. 

18-1 Rail slipped in casting opening 3/16” at joint. Casting cracked on head side 
running into characteristic fracture at base. No slip on head side where cracked. 
Thermit Joints: 

12-5 broke thru rail 2” above base. For rest thru joint in thermit. Insert not 
velded 50%. Small spongy spot underneath insert. 

12-3 broke thru thermit except part of base which broke thru rail. Insert not 
welded 60%. Cold shut underneath groove. Gas pocket at top of web. 
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15-26 broke in rail two-thirds of way up above base at edge of thermit—the rest 
of the way in joint thru thermit. 
Butt Joints: 

11-28 broke thru: joint. Amount of upset all around 3/16”. Broke all way thru 
weld with uniform structure. Degree of welding to be determined by microscope. 

11-16 broke thru joint. Entire lip of rail has rougher fracture than rest of the 
break. 

11-14 broke thru joint. 

Benp Tests 
Seam Welds: 

4~7 broke thru plate head side at joint. Weld broken vertically at bottom lip side. 

4-9 rail broke at end of welds at three points and at base head side at end of 
fusion of base weld. Broke thru plate at bottom joint head side and thru weld at 
base lip side. Vertical cracks top lip seam in several places. 

4-11 gave way thru plate on head side on bottom of joint. 

5-1 broke thru base of rail entirely across starting from end of weld on head side. 
Lip plate broke thru inside of bolt hole shearing welds top and bottom to joints. 

5-2 on head side base opened at joint 4%”. Same on lip side. Cracked thru plate 
of lip side thru first bolt hole. Weld opened %” thru tension and shear. 

5-3 broke thru base of rail at end of weld. Cracked welds at base in joint. 
Broke thru rail thru end of bolt hole and cracked up in head and lip. 

8-9 broke thru plates about 1” from joints. Characteristic tension fracture for 
soft material. Weld sheared top and bottom lip side both rails. Appearance of 
welding good. Mr. S. W. Miller states joints can be improved by increasing section 
of weld. 

8-10 broke thru plates. Sheared thru weld lip side on one end and head side 
on other both top and bottom seams. Considerable bending of plates. Quality of 
welding good. 

8-11 sheared thru center of both welds on head side, on lip side other end. Plates 
broke at joint. Quality of added metal good. 

15-5 sheared at seam at rail contact except 1” from end. Sheared thru middle 
bottom weld lip side on same side top was not welded to rail. Sheared thru weld 
top and bottom head side and broke at bottom by tension. Welding on bottom 
seams good. Poor weld on top lip side. 

15-6 weld sheared on lip side top and bottom one end. Head side opposite end 
welds sheared to 3” from joint. 

15-7 sheared thru weld top and bottom head side one end aad on other end top 
and bottom lip side. Plates bent. 

16-2 base plate welds sheared on one end and plates bent. Top head seams 
sheared on same end. 

21-23 rail broke at end of base plate welding. Welds sheared on bottom (lip 
side). Rail broke d’agonally on lip side half way between bolt holes. 

21-11 sheared thru base plate welds both sides one end. Plates broken at lind 
of inside base welds and thru inside bolt hole. 

21-9 crack in base lip side at end of base plate weld. At other end “sheared both 
sides thru plate weld. Rail broke at end of base plate welds. Crack extending 
diagonally thru I’p and head to 4” from joint. Plate under head broken thru bolt 
hole at end of plate weld. Crack started same location lip side. 

16-7 broke thru rail at end of plate welds and thru end bolt hole. Base broken 
at end of weld on one side and 114” back of weld on other side. 

16-4 sheared thru base plate welds both sides one end. Welding good. 

Apex Joints: 

22-6 welds pulled loose from base and plates both sides one end. Penetration 

very bad. 
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22-4 weld broke loose from plate and web top and from plate and base on lip 
side bottom. Same on head side other end. 

22-5 pulled loose from base head and lip side on opposite ends. Penetration very 
poor. 

9-9 weld pulled loose from base lip side and on head other end. Weld pulled 
loose partly from base and rail. Top seam sheared thru weld head side. 

9-8 sheared irregularly at base one end head side and other end on lip. Weld 
broke at joint on both sides. Weld pulled loose partly from web and partly from 
plate on top side. Penetration very poor. 

9-7 pulled away from base bottom plate on top one end lip side. On head side 
broke loose from plate on top. Sheared thru weld and broke away from base on 
bottom. 

Cast Welds: 

13-12 broke thru joint with general characteristic fracture. Some blowholes. 
Character of cast metal good. 

13-4 broke from joint vertically half way and then diagonally towards base of 
rail and then horizontally to end of casting. 

13-10 broke thru joint above base and then usual way at rail base. Character 
of cast metal good. 

18-3 broke thru joint. Characteristic fracture along base. Fracture porous under 
base and opposite web both sides. May have been poured too cold. 

18-7 broke thru joint thru casting to base of rail and then thru casting 1” from 
joint. Blowholes one side of web above base. 

18-10 broke thru joint with characteristic failure along base. Porous under rail 
base and one side of web. 

3-10 broke in rail 4%” from joint thru bolt hole in base. Sheared casting thru 
outer bolt hole. Character of fracture good. 

3-7 broke thru joint. Casting under head 30% spongy between head and base 
head side. One end broke 30° diagonally starting at level of hase and extending 
almost to main break. 

3-6 castin;: broke 3” outside of joint thru pin. Sheared casting thru base. Rail 
sheared along web just above base nearly to end of casting where base broke. 
Thermit Joints: 

15-21 broke at edge of weld. Lip side of base broke half inch inside from edge 
of weld. Three quarters of head not welded. 

15-20 broke thru rail at edge of thermit. Excellent weld. 

15-19 broke thru rail at edge of weld. Irregular break. 

12-9 broke thru rail one edge of thermit—other edge diagonally thru thermit into 
rail on opposite side 1” from joint. No evidence of defect at insert. 

12-8 broke thru rail at one side of thermit up to bottom of fishing surface under 
groove. Three quarters of insert not welded. Slag inclusion entirely across weld 
under insert and along lip. 

12-7 broke at edge of thermit to top of web and then diagonally to line of 
insert, then along face of insert two thirds of which is not welded. 
under insert two thirds of its length. 

Resistance Bar Welds*: 

6-24 broke at joint thru center of bars and weld. Contact hetween rail and 
bar at fracture good. Usual effect of heating to high temperature on rail and bar. 
Welding good. 

6-26 broke thru joint and thru rail head %4” from end of joint 

6-25 broke at joint. Loose contact causing overheating in center weld. Noi 
welded at bottom of web for about an inch on both sides. 


Blowholes 


*See H. F. A. Kleinschmidt’s remarks at end of report, p. 135. 
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6-10 broke thru joint. Not welded on web 144” above base both sides. Contact 
set too tight towards top. Good weld. 

6-8 crack on under side of lip 1” from end of rail clear thru to bottom of groove. 
Bar not welded on bottom to web on either side for an inch at joint. Broke thru 
bars. Blowhole %” x 1” in head support casting. Crack in center of web running up 
from unwelded portion. Steel head support chocks did not fit section. 

Note:—This applies to all resistance bar joints. 

6-6 broke thru plate under head. Other plate stretched. Crack thru lip \%” 
irom joint. Rail broke outside edge of end weld. 

Butt Joints: 

11-33 broke thru joint. Upset very heavy. 

11-31 Upset a little wider than usual. Fracture thru joint except lip above level 
of groove and small part of head. 

11-32 broke thru joint to bottom of groove. Above that in rail metal 4% from 
joint. 

11-21—80% of head broken outside of joint. Also 20% of lip. Rest thru joint. 

11-20 broke thru joint except in head where it broke 144” away from joint. 

11-19 broke thru joint except héad which broke thru rail 4” from joint. 


TENSILE TESTS 
Bar Welds*: 

6-1 Bar broke thru center weld thru bars. Part of bar welded to head chock. 
Structure of fracture fair. Structure at center columnar. 

6-11 Broke thru bars at center of weld at joint. Broke small piece of web. 
Structure at fracture good. Outside chock intact. 

6-17 Broke thru bars at center weld at joint. Structure at fracture fair. Small 
blowhole at top of web between bars. 

6-19 Broke thru bar at joint. Structure at center of weld somewhat columnar. 
Other end broke 2” from joint up thru web diagonally to joint. Small pieces of bar 
missing. 

6-20 Broke thru bottom part of bars at joint 1%” up and then diagonally thru 
bar and rail to a point 144” from joint at outside of head. Center of weld somewhat 
columnar. 


Butt Welds: 


11-27 Broke thru center of weld as usual. 
11-37 Usual fracture thru joint. 


Cast Welds: 


3-9 Broke thru center of joint to rail base and parallel rail base head side and lip 
side diagnally thru pin to three inches from joint and then parallel to base of rail. 

3-12 Broke thru center of joint entirely across. Porous on head side. Full of 
blowholes. 

13-7 Broke thru cast iron thru joint head side and 2” from joint lip side. Cast 
iron clean. Good casting. 


Seam Welds: 


2-1 Broke at end of base weld lip side and 4” from base weld head side and 4” 
from weld under head and at end of weld on lip side top. Broke 8” from joint. 
Welds on both sides underneath head and lip faiied by shearing. Joint pulled open 
1%". Plate close to web making it difficult to obtain good weld under lip. 

2-11 Top weld head side sheared 6” one end, 7” other. Plates stretched, opening 
at head %” at base %”. Rail broke thru base 114” from end of base plate weld. 


*See H. F. A. Kleinschmidt’s remarks at end of report, p. 135. 
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Welds top on lip side not welded to plate. Bottom side not welded to base 3” each 
side of joint. Plate in close to web making it difficult to get weld. Arc directed so 
high rail simply melted down on top of plate. 

2-13 Weld under head sheared 5” one side of joint 3” from other. Joint opened 
5/16”. Plate stretched. Base welds head side intact. Weld on top lip side probably 
not welded to plate. Plate close to web making it difficult to obtain good weld under 
lip. Rail broke thru end rivet starting at end of top head weld running diagonally 
to end of base weld opposite side. Joint opened %” on top and %4” on bottom. 

4-2 Broke 10” from joint at end of top weld. Joint open %” on rail head. Top 
weld head side sheared two inches from joint. Weld on lip side top sheared two 
inches. Not welded to base of rail 1” left hand end base seam head side. 

4-3 Seam. Broke 11” from joint thru rail at ends of welds. On lip side (right 
hand side) weld sheared from joint 2”. Bottom right end lip side two cracks in 
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base of rail, one 1%” other 7” from joint extending into base 14”. Metal melted 
from bar making rough irregular weld. Metal melted from lip of rail same way. 
Joint opening %”. 

5-5 Seam Weld. Broke 10” from joint thru rail at ends of weld on all four welds. 
Rail pulled apart 5/32” at center of joint. 

5-6 Seam Weld. Broke thru bar lip side at bolt hole next to joint. Rail pulled 
apart 7/16” at joint. Weld sheared top and bottom head side one end. Sheared on 
lip side from break in plate to joint top and bottom. 

5-7 Broke thru rail 11” froth joint. Side crack going thru hole. Base of rail 
opposite second bolt hole broken entirely thru. Extent not visible. Joint open 
1/32 of an inch. Main break ir: rail thru ends of all welds. Rail base weld head side 
right sheared from rail base break to end of weld. 

8-3:Seam weld broke 10” from joint at edge of welds on base and %” from edge 
of weld on top both sides. Joint opened 3/32”. 

9-2 Apex Joint. Welds sheared on top of bar lip side and from base same side. 
Weld sheared top and bottom on head side. Pulled apart 5/16”. 

9-3 Apex Joint. Pulled apart 4%”. Weld sheared from base lipe side one end and 
from web and plate about half each, also top of plate lip side and thru weld at end 


Sed ete we 
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of plate. On head side other end weld sheared all around partly from base and partly 
from plate and web. 

9-5 Apex Joint. Lip side base weld one end sheared 9”. Rest of weld held on top 
lip side. Weld broke loose from web 1”. Joint opened %”. Plate stretched. Right 
end bottom seam not welded to base pulled loose from web. Right end top seam 
showed poor fusion. Left end weld poor at base head side. Plate stretched. 

144 Head side top weld sheared full length. Bottom weld same end sheared 1% 
Joint opened %”. Lip side base weld sheared about %”, total at inside end. Plates 


” 


stretched %”. Good welding. 
Section sawed thru. Not welded at bottom of groove lip side top seam*. Width of 


[ ee oe ‘ 





Not etched. 5-3. Etched with ammonium 
persulphate. 


15-32. Not etched. 15-32. Etched with ammonium 
persulphate. 
Fig. 64 Sections sawed thru for examination 


*See Comment No. 2 by the Rail Welding & Bonding Company, p. 135. 
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deposited metal 14” on one plate, %” on lip. No welds at bottom of groove. Weld 
7/16” x %” wide head side base, lip side 4%” x ™%”. 

14-8 Broke thru rail base at edge of weld on lip side. Fracture extended within 
half of inch of welds on head side of base and on top of rail 11%4” beyond welds on 
both sides. Welds intact. Note lab. comments. 

14-11 Broke 9” from joint thru top of rail to end of bolt hole. Plate on lip side 
broke at joint. Rail opened 5/16”. Welds on head side at base broke from rail 
about 2” near joint where there was indication of poor fusion to base. 

15-1 Broke thru rail 10” from joint at ends of welds. Joint opened %” at joint. 

15—-2 Head side welds sheared top and bottom one end and 3” top other end joint 
opened 4”. Lip side weld sheared other end top and bottom. 

15-3 Lip side weld sheared top and bottom one end. 5/16” opening at joint. On 
head side piate stretched. Weld sheared under head about 3” from joint. Good 
welding. 

15-3 Joint sawed thru. Head seam contact 5/16” by 7/16”, min. 3/16”. Lip seam 
1/16”, lip side 3/16” base. Head side base 3/16”. 

15-13 Rail broke 10” from joint at ends of welds. Lip side welds sheared top 
one end. Plate stretched. Head weld top sheared one end full length. Base weld 
head side sheared all the way. 

15-29 Broke thru rail at ends of welds head side. No evidence of distress in weld. 

15-32 Broke thru both bars thru inside bolt hole. All welds sheared between first 
bolt hole and joint, a distance of about 214”. 

21-5 On lip side plate welds sheared top and bottom one end, bottom other end. 
On head side plate welds top and bottom sheared and base plate weld sheared. Joint 
opened 7/16”. 

21-7 With base plate. Broke 7” from joint thru end bolt holes at ends of base plate 
welds both sides. Rail base plate weld from end of break to end of plate sheared. 
Joint opened 1/16”. Plate under head cracked 1/16” at top. Rail broke in head at 
end of top seams head and lip side. Good welds. 

21-10 Rail broke 7” from joint at ends of base plate welds at top welds head and 
lip. Welds sheared from break out. Joint opened 1/16”. Plates stretched at top. 

25-2 Rail broke 14” from joint at end of base plate weld head side left end and 
plate weld under lip joint opened 4%” at head. No distress in weld. Good welds. 

25-5 Rail broke at end of base plate weld (right) lip side. Joint open 1/16” head- 
base tight. No distress on weld. 

25-6 Rail broke thru 11” from joint left end. Joint did not open. Break thru 
end base plate weld head side and ends of both top plate welds cracked before test in 
base 114” long at the end of welding. 

Thermit Welds: 

General note: Where in this report and those of the various laboratories it is 
said, referring to thermit welds, that there are no welds on the insert, it should 
be remembered that this is in the nature of a butt weld and fractures in the char 
acteristic butt weld manner directly along the face of the butt weld. The butt weld 
between the insert and the rail head or between the rail heads themselves where no 
separate insert is used, should be considered in the light of a partial butt weld 
although imperfect at timés. 

12-6 Thermit broke thru center of weld at lip to web. Rest of fracture thru 
rail at end of collar. Collar not fused to base for 3%”. A few small blowholes 
Slight slag under head at center. Piece broken out of head. Left hand side of 
insert not welded. Right hand side apparently welded. Line of contact faintly 
discernible after cleaning with nitric acid. 

15-15 Broke thru one end of thermit collar thru rail. 

15-17 Broke thru center of weld except 1” at end of collar base left hand side 
where rail broke. Two blowholes under insert. 
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15-25 Broke thru thermit. Base broke thru corners of rail 1%” on each side. 
Rail head not welded. Slight slag underneath lip. 

15-28 Broke thru center of weld except on lip side of base. Here it broke thru 
base at edge of weld. Large amounts of slag at bottom of flange of lip. Head not 
welded from top of web up — washed away. Weld metal gone at back at head. Lip 
in same condition. Welding badly porous. Mr. Deppeler states probably due to 
breaking down of mold during operation. 


BUREAU OF STANDARDS REPORT ON METALLOGRAPHIC 
EXAMINATION OF TYPICAL WELDED RAIL JOINTS 
Materials: 

The welded specimens examined were selected from the tested rail joints, the exam- 
ination of the fractures of which was made at the Bureau of Standards July 18 and 
19, 1924. In the choice of these specimens, the characteristic features of each type 
of weld were given first consideration rather than the peculiar conditions in any 
particular specimen which may have contributed to results obtained in the testing of 
that joint. 

Following are the specimens examined :— 

Weld Number Type 
resistance butt 
resistance bar 

SE  - seam (rod in position) 
thermit 


Electrical Resistance Butt Weld: 

The specimen used was a portion of the rail head from joint 11-35. When this 
joint was tested in the drop test, the fracture occurred, for the greater part of the 
rail section, along the plane of the weld. In the head, however, the fracture was 


6 ee ee ee 


Fig. 1 — Vertical longitudinal section of the head of resistance-butt welded 
rail, 11-35. Note the narrow weld (central white line), the depth of penetration 
of the head (approximately 4 inch here), and the relative grain size in various 
parts of the welding zone; etching reagent, aqueous solution of ammonium per- 
sulphate; x 2 





1925] WELDED RAIL JOINTS 91 


located on each side of the weld at a distance of approximately 1% inches. Thus 
the welded part of head remained intact; this was the specimen used for examination 
of the features of this type of weld, a “vertical” section, as shown in Fig. 1 below 
being made. The principal structural features to be noted in a weld of this type are, 
the depth and general character of the welded layer, the depth to which the ‘welding 
heat” penetrated the metal of the rail and the changes in grain size of the metal 
resulting from this heating. 

The micrographs following show the structure at the points indicated in Fig. 1. 
Etching reagent throughout 1 per cent alcoholic solution of nitric acid; magnification, 
x100. 

One of the possible defects of this type of weld may be pointed out. This is illus- 
trated in Fig. 1 on the lower edge (as shown on the page) of the weld. The weld 


was not complete to the extreme surface of the rail head but a narrow unwelded 
ee 


Fig. 2a — Microstructure at point “a,” Fig. 1. Note the very narrow 


zone of welded metal. This is characteristic of this type of weld. Note also 
the excellent appearance of the weld in this particular specimen. 


The steel compares very favorab 
by the welding heat. 


Fig. 2b— Microstructure at ago bh,” Fig. 1. Compare with Fig. 2d. 
y 


in grain size with the rail steel unaffected 
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“notch” remained. Such a notch if at all pronounced might be instrumental in pro- 
ducing serious effects under the action of service stresses. 
Electrical Resistance Bar Weld: 

The specimens examined were taken from Joint 6-26. This joint, when broken by 
the bend test, revealed a very coarse “burnt” structure in the fracture. Two sections 
were examined, one a horizontal longitudinal section through the iracture and a sec- 





Fig. 2c — Microstructure at point “c. This point marks the limit beyond 
which the steel was not heated sufficiently during the welding to cause any 
visible structural change. Note that at point “c,” a pronounced refinement 
of the grain was effected, this change in structure being determined by the 
relation of the temperature attaincd during the welding to the “critical 
range’ of the steel. At this point the steel was heated just sufficiently so 
that the transformation occurred. The relatively rapid cooling preserved the 
small grain size. 





POSER 
< 


Fig. 2d — Microstructure at point “d,” Fig. 1. The microstructure shown 
here is that of the rail, that is, it shows no effect of the welding heat. ti 
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ond one, a vertical section through rail web and the adjacent welded plates at a point 
about 12 inches’ distance from the fracture. 

Fig. 3 shows the horizontal longitudinal section through the face of the fracture. 
x 2. Ammonium persulphate solution was used for revealing the structure. 





Fig. 3 Joint 6-26. Resistance bur weld. Note the coarsely crystalline 
condition of the metal and the decidedly inferior character of the steel at this 
point. The following micrographs were taken at point “a’’ and “b” x 100; 


etching reagent, 1 per cent alcoholic nitric acid. 





Fig. 3a — Microstructure at point “‘a,”” Fig. 3. Note the excessively coarse 
grain which resulted from the overheating of the steel during the welding. 

The welding in this type of joint is done electrically. A current is passed trans- 
versely through the rail web and side plates of the assembled joint, the parts being 
tightly clamped at the spot where the current is passed through. Presumably the 
verheating shown in Fig. 3 occurred as a result of a loose contact. 
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acteristic “knotty” appearance of the ferrite (white constituent). 





The second section cut from this joint was approximately 12 inches from the 
fracture. Fig 4 shows the appearance of the etched vertical section at this point, 


the dark central zone of the micrograph being the web of the rail and the lighter 
ones on the sides the plates. 


The effect of heating the steel plates by the application 






Fig. 4— Vertical section of rail web and plates 
12 inches from the fracture in joint 6-26; x 1%; 
etching reagent, ammonium persulphate solution. The 
micrographs below show the condition of the metal 
at “a” and “b” and “c,” i.e, the junction between 
web and plate in a ‘satisfactory weld of the resistance 
bar type. 
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of the current is shown by the increased grain size of the metal. The structural 
condition shown in this macograph may be considered normal and satisfactory for 
this type of welding. 

The pronounced weakening of the metal by overheating it is one of the possible 
disadvantages of this type of welding. 


Seam Weld: 


In the ordinary type of “seam” welded joints side plates are bolted to the rail web 
and welded by fusion welding along the upper and lower edges to the side of the rail 
head and the upper side of the rail base respectively. When joints of this kind are 
tested by the drop test failure in the rail base usually occurs near one end of the side 
plate and appears to bear some relationship to the seam weld. The specimen 
examined was cut from joint 5—11 from the rail base near the end of the seam where 
failure of the rail joint under the drop test appeared to have started. 

Fig. 5 shows two different sections through the seam weld on the upper side of the 
rail base and shows the depth of “penetration” of the weld and the extent to which 
the surrounding metal was affected by the welding heat. 




















Fig. 5—Seam weld, joint 5-11; x 2%4; etching reagent 
ammonium persulphate. Note the light colored “weld 
metal” and the dark encircling zone which marks the 


extent to which the adjacent rail metal was affected by the 
heat. 


The microstructure at the points “a”, “b”, “c”, and “d” Fig. 5 are given in 
the following micrographs :— 

Lack of ‘penetration’ of the weld metal into the base and low adhesion between 
seam and base metal are sources of weakness in this type of welding. 











WELDED RAIL JOINTS 97 


1925] 


"9SUq PUL PjaM UI2MJ0q JORIUOO ayeUNIWU! Pur pUNoSs A19A & Jo [edIdA} SE PorOPISUOD aq ABW SIG] ‘as8eq PUE Pjam Ux2eMJeq UOT}UN/ 


‘BUIPPM UOISH, 94} Zulsnp peppe jeyoul uoqies-Mo] oy} Ss! SIqUL "peyous PRA 
‘Plow DyOyoo[e D4jmu jus. jad | ‘juaseo1 BZurydja ‘ogy X f¢ ‘B14 Ul payeorpul spufod ay} 38 sanjoNysO4RIY —p 2 q B 


q 





4 
8 





‘Bry 











> 
= 
—_ 
Ee, ) ‘9S¥q [I81 9y} JO DINjONIys [VIul 20 payoayeuy ‘Pp 
peuyet Used Sey [9018 [lel oy} JO a1njonIsjs 94} MOY (Pp Gia uosireduios Aq) 9I0N “ples ayy 0} yUsIE pe [Bie Ppeyope jo 9u0Z ? 
‘Plow BypoOyooye B4yru yusd s9d [ ‘juaTeas BuIydIe {OOT xX *¢ ‘Si Ul peyeorpur sjul0d 343 Ie sINnpuIys01pyY—prqgec ‘Sy 
Pp 9 
ie 
~ 
—_ 
<= 
: 
<J 
~ 
~ 
_ 
> 
& 
: ~ 
-) 
| s 








98 











1925] WELDED RAIL JOINTS 99 


Thermit Weld: 

The specimen examined was cut from Joint 15-22 and consisted of a horizontal 
longitudinal section through the “thermit” metal and the rail web. 

Fig. 6 shows the polished section after etching with aqueous solution of ammonium 
persulphate (x2). 

















Fig. 6 — Horizontal longitudinal section through the web and added “thermit”’ 
metal of joint 15-22. Note the coarse crystalline condition of the “thermit” metal. 
Interior cavities and shrinkage cracks, such as seen near the center, though 
perhaps not to be considered as characteristic, are net infrequently found. 

Micrographs, x 100, were taken at the points “‘a,” “b,” and “ce” indicated, 
1 per cent alcoholic nitric acid used as etching reagent. 











Fig. 6a— Microstructure of the cast *‘thermit steel,” x 100. Note the 
very large grain size. On account of its relatively low carbon content, such 
metal may be expected to have considerable ductility, in spite of its other 
possible undesirable features 


ast Iron “Weld”; 
The cast-iron rail joint depends upon several factors for its value, the character 
the iron, which was all that this examination was intended to reveal, being only 
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Fig. 6c —- Microstructure of the rail web (“‘c’”’ in Fig. 6) x 100, The 
structure was coarsened somewhat by the heat of the thermit reaction but is 
not to be considered as being very seriously affected. 


one of them. No attempt was made to examine the “junction” between the casting 
and the rail as it is well known that there is no welding action here as it is other 
features such as the mechanical devices (insertion of steel pins before casting, etc.) 
that are depended upon. 

The following examinations were made of representative specimens of cast iron 
cut from Joint 13-4; tension test, chemical analysis, and microscopic examination. 

The ultimate tensile strength of the iron as determined upon three specimens of 
the usual form and size (0.505 inch diameter) was 17,550, 19,950, and 20,800 pounds 
per square inch. 

Chemical analysis indicated the following as the composition of the iron:— 
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Per Cent 
a a ee, eae st PEPIN sé wee oe SEARO A 3.45 
SEs oe) kane OF ay” | ae er ae ee Po Oe ae 2.87 
ES 5c ces uae RE CEMA EES dn Bin x Os Swlawaeide vcacd 0.58 
UR © a his ae a a itn dk nia dbdes sso ep e500 0.47 
i. re INR sy ee ee 0.56 
rn RE rere SS se eae Ty) ei eee . 0.083 


Representative micrographs showing the structure of the iron (x100) 


in the 
unetched and etched condition are given below: 





b 
Fig. 7 — Microstructure of cast iron from rail joint 13-4; b — etched with 


2 per cent alcoholic nitric acid. 
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None of the above examinations showed anything very striking or unusual in the 
cast iron. In tensile strength the iron is somewhat lower than that specified by 
A. S. T. M. for heavy castings (Spec. A48-18, light castings 18,000; medium castings 





Etched with ammonium persulphate, x 2. 
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21,000; heavy castings, 24,000 Ibs/in*; a heavy casting is defined as one having no 
section less than two inches in thickness). 


8~13 
x 100. 


8, 


indicated in Fig. 


and 


points “a” 


at the 


Microstructure of the two rails 


8-12 


Fig. 9 
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Special Examination: 


Two of the seam weld joints (8-12 and 8-13‘ made under supposedly the same 
conditions when tested under the drop test gave very different results. 8-12 broke 
under the 4th drop whereas 8-13 withstood only one blow. It was suggested that 
perhaps instructions had not been followed in making the joints and that the rail 
steel used was not the same in both cases as had been intended. 

A chemical analysis was made of the two with the following results : 


8-12 8-13 
Per Cent Per Cent 
Carbon ...5 0s en nnaeemeeebeless ss caheasc wees 0.74 0.74 
Mangamete «6... shir ieee knedd bass. eabess sin ans 0.69 0.73 
Phcophieree on ck dbedceetan 6ckes cohen teen 0.019 0.039 
Selighwr 2... ccc cstpadilessbhbvahts be bea sell ceren 0.044 0.037 
Silicon .....yesccseehebaeanheesseees bse buenesees 0.16 0.20 


Although the two compositions were not found to be identical, the differences are 
not such as would account for the marked differences obtained in the drop test of the 
assembled joints assuming that the structural conditions of the two rails were not 
essentially different. 

In Figure 8 are given micrographs of vertical longitudinal sections of the head of 
the two rails. These show that there was no pronounced difference in homogeneity 
(segregation streaks, etc.) in the two rails. While Fig. 9 which gives typical micro- 
graphs of the center of the head in each case shows that the microstructure in the 
two cases did not differ in any very marked respect. 

On the whole, the results do not indicate any pronounced difference in composition 
on structure of the two rails and suggest that some other variable is responsible 
for the differences in the drop-test results of these two particular specimens. 


Georce K. Burcess, Director 
December 8, 1924. 
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EXAMINATION OF SECTIONS FROM WELDED RAIL JOINTS 


Report of Union Carbide and Carbon Research Laboratories 
Lone Istanp City, N. Y., January 30, 1925. 


Eight sections of different types of rail joints were received from the Committee 
on Welded Rail Joints, including a small piece taken from a cast iron weld. All 
except one, a bar resistance weld, were stamped with serial numbers by that com- 
mittee, and the numbers are indicated on the photographs which were taken of each 
specimen. These serial numbers are the same as those on the welds in Bulletin No. 2 
issued by the above committee, which should be consulted for details and methods 
of making the welds. 


The types of welds received were: 


3 butt resistance welds as shown in Figures 1, 2 and 3. 
1 bar resistance weld, Figures 4, 5 and 6. 

1 seam weld, Figure 7. 

2 thermit welds, Figures 8, 9 and 10. 

1 section from a cast iron weld, Figyre 11. 


Our examination of these joints was confined to the use of deep etching and the 
microscope. 


The system followed in marking the sections cut for examination was as follows: 
R represents the general heading “ rail joints.” 
D represents a deep etch specimen. 
M represents a microscopic specimen. 


The M specimens were always taken from the D specimens, so for example, RM6 is 
the microspecimen taken from deep etch specimen RD6. 

The deep etch specimens marked RD1 to 6 were taken in representative sections 
of the various joints to show the general character of the steel and weld. The 
location and designation of each of them are shown on the appropriate photographs, 
while the deep etch specimens themselves are shown in Figures 12 to 17. 

Each of the specimens was taken so as to include the joint and the extent of the 
heat effect with the exception of Figure 13A, which is a special section and is fully 
discussed later. 

From several of the deep etch specimens and from other parts of the joints, 
specimens for microscopic examination were taken. These are marked RM1 to 10, 
and are shown on the appropriate photographs. Our aim was to determine the 
extent and result of the application of the heat in the different welding methods, 
and we have avoided any comparisons between the different welds. 

Specimen 11-24, shown in Figure 1, is a butt resistance weld which failed so as to 
leave part of the weld intact, thus giving us an opportunity to study the weld 
accurately. 

Figure 18 shows a general view of the union. It consists of a sharply outlined 
zone that has been decarburized by the heat and slag, and that became the weld 
metal during fusion, together with a large number of inclusions lying parallel to the 
ioint. These are shown more clearly in Figure 19 which is unetched. Occasionally 
these inclusions appear in the edge of the base or undecarburized metal. In the 
weld metal, they are noticed both in the pearlite grains and at the ferrite grain 
boundaries, but those in the base metal are wholly at the grain boundaries. They 
are probably the slag which is formed from the borax or flux during welding, and 
that are trapped in the weld. Beyond the decarburized zone, the usual heat effect is 
present, consisting of large grains near the weld with progressively smaller ones as 
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the distance from the weld increases, until the zone is reached which marks the limit 
of the changed structure. Beyond that, the steel is practically unaffected. 











11 24 | 











ms 





Fig. 1 — View of butt resistance weld No. 11-24 as received. The positions 
of the test pieces are indicated, 
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The surfaces of the butt resistance welds 11-28 and 11-12 were carefully scraped 
with a fine file. Microchemical examination revealed that there was a large quantity 
of sodium carbonate present in the scrapings. No trace of borax was found, although 
it was reported to have been used as a flux. One interesting point was noticed in 
this specimen. The piece was polished as well as possible, with dry alumina, Oi 
course this did not produce a mirror finish, but left the surface mottled. However, 
a large number of inclusions were found such as shown in Figures 20 and 21. These 

















Fig. 2— Face of butt resistance weld No. 11-12, as received. 


inclusions were entirely different from those mentioned before; they are light gray 
and do not appear after wet polishing. They were unattacked by picric acid in 
alcohol, but disappeared after being immersed in boiling water for five minutes. 
This observation is of some interest, as it seems to show that water soluble material 
exists in the base metal near the weld. It is possible that some of the flux has found 
its way through small passages and cavities, though we did not try to follow the 
matter up. Although the effect of these particles, if they were the sole inclusions, 
would be somewhat detrimental to the strength of the steel, they are of little 
consequence in comparison with the large number shown ‘in Figures 18 and 19. This 
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Fig. 3 — Face of butt resistance weld fracture No. 11-28. The flange and web 
have been cut off, leaving only the tread. 
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Fig. 4—~ Fracture of bar resistance weld, as received. There 
this specimen. 
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broad streak of dirt extending over the entire cross section would seem to account 
for the path of rupture in this type of joint. 

An examination was made of the fractures of the other two butt resistance welds, 
and also of the material adjacent to the fracture. The fracture was intragranular 
with a slightly decarburized edge, and many secondary cracks filled with inclusions. 
These secondary cracks, while doubtless caused by the breaking of the joint, were 





74 

















Fig. 5— Top view of bar resistance wela specimen. 


probably filled with rust or dirt from’ the long exposure of the specimen to the 
elements, as no similar cracks were found in Specimen RMIA. 

Figures 24 to 32 are photographs in the bar resistance weld. Figures 24 and 25 
are views of the union between the shim and the rail web, and between casting and 
shim. The former is much freer from oxide dots than the latter, but has a larger 
number of large nonmetallic inclusions. Both are quite similar to the butt resistance 
weld shown previously. 





this specimen. 
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Fig. 6 Side view of bar resistance weld specimen showing fracture of cast steel 
supporting head 





In studying Figure 4, which is a view of the fracture of this weld, we noticed that 
the web of the rail seems to have lost its individuality — in fact its contour cannot bé 
made out at all for a distance of two and one-half inches. The fracture is larg 


grained and columnar, similar to the fracture of a steel ingot. A section about 4° 
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rail base. 


of 


showing top view of one side 


10 as re ceived, 


15 





7 — View of seam weia specimen No. 


Fig. 











rom the fracture was ground smooth and etched, and is shown in Figure 13A. The 
ection is not complete because specimen RD3 had been cut off previously. Directly 
etween the spots at which the electrodes seem to have been applied, the rail web 
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Fig. 8 — Face of fracture of thermit weld specimen as received, No, 15-20. 


probably has been in a pasty condition, as has also part of the steel bar. The outline 
of the web has been completely destroyed on one side by intermixing of the rail 
material with that of the bar, while part of the web has been squeezed out of place 
into the space between the bar and the under part of the flange, as shown at spot 5. 
The original outline of the rail is shown in dotted lines. Figure 31 shows that this 
material is extremely spongy, as would be expected of high carbon steel when 
overheated. 

Two specimens RM3C, RM3D were polished and examined microscopically. The 
material in the two bars did not seem to be extraordinarily changed, except that the 
grain size was very large as might be expected from Figure 13A. The part of the 
web that has been amalgamated with the bar is in a condition that is always found 
with overheated high carbon steel. At the grain boundaries are large quantities of 
inclusions rejected there under the temperature conditions. These inclusions are 
shown better in Figures 26 and 27. With these inclusions is a broad film of 
cementite, completely surrounding each grain. It is quite unusual to find cementite 
collected at the grain boundaries of a .70 or .80 C steel. The cause of its location 
there must be laid to the peculiar conditions and rapid rate of cooling. This type 
of structure is typical of the entire area around spots 3 and 4, diminishing in intensity 
as the bar structure is approached, and increasing as the fracture is approached. 
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Fig. 9 Side view of thermit weld specimen No. 15-20. 
This structure is not only unusual, but the presence of cementite has a distinctly 


harmful effect. Figure 29 clearly shows that the fracture has taken place through 
these grain boundaries. That this type of failure would take place seems quite 
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evident when the brittleness of the cementite and the presence of the large number 
of inclusions at the grain boundaries are considered. Either of these conditions alone 
is quite sufficient to provoke failure while the two together assure it. 

Another view of the fracture is shown in Figure 30. Here the cementite films are 
absent, and there are fewer inclusions at the grain boundaries, so that failure has taken 
place through the grains themselves. It will be noticed that the lower part of the 
fracture has taken place through the web, while the upper part of the web is a 
network of cracks reducing the strength of the rail at that point. 

Figure 32 shows what has happened at spot 2, where the electrode was applied to 
the steel casting. Whether this burnt structure was a direct result of the process or 
not we did not determine. However, this matter would bear investigation. In regard 
to this type of weld, and this weld in particular, the question might be asked, whence 
came the material shown at spot 5? It has been pushed there from some place, yet 
there do not appear to be any holes large enough to supply all that metal. As it 
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rig. 11 — View of piece of cast iron weid No. li-ls. rull size. 








nies + a Cal 


Fig. 12 — Deep aa specimen RDI, eeu butt resistance weld No. 11-24. 


came from the web by being pushed out, and there is no corresponding dent in the 
steel bar, the presence of this excess material seems to bear witness to the looseness 
with which the structure is held together throughout this region. 

The seam weld has the same general characteristics as the other types, but because 
of the intensity and localness of the heat, its short time of application and its rapid 
cooling, the changes in structure are compressed into a shorter space. Figure 14 
shows this, and Figure 33 comfirms it. Figure 33A shows the rejection of impurities 
to the grain boundaries, as in other types of welds, but neither so extensive nor so 
marked. 

The thermit welds show some interesting structures. Figure 34 is in general very 
similar to Figure 33, though the dendritic and columnar structure in the weld is much 
more marked. Figures 16 and 35 shows this structure in the weld metal. In speci- 
men RM6A there were several areas of poor fusion as at Figure 10, A, Figure 17, | 
and Figure 16, C. The former two are due to trapped slag or other foreign matter, 
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and rail section. Full size. 


B, 


shim 


This shows steel support casting A, 
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while the latter seems to be due to there not being enough hot metal at the corner to 
cause fusion. Failure occurred through the base metal in Figure 17, and through the 
union of base and weld metal in Figure 16. In the latter case failure would be 
expected, as such a sudden change in outline induces a corresponding decrease in 
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Fig. 16 Deep etch section RD6 from thermit weld No. 12-12. Full 


size. 


resisting power. Figure 36 shows the cracking that occurred in specimen RM6A at 
E, Figure 16, probably because of the poor fusion and the h'gh localization of stress. 
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Full size. 


D4 from thermit weld No. 15-20. 
the thermit metal. i 


The light area A is 


— Deep etch section R 


Fig. 15 





15-10. 


section RD2 from seam weld No. 





Fig. 14— Deep etch 











Another contribution to failure at the union between the base and weld metal is the 
condition shown in Figure 37. This shows the inclusions that have been forced to the 
grain boundar:es during the high temperature just next to the weld. Figure 38 is a 














1925] WELDED RAIL JOINTS 119 


photograph of a crack that started very close to the area shown in Figure 37, and 
which is probably due to the inclusion which may be seen in the crack. 
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18 — Specimen 
butt resistance weld. 
430X. 


Fig. 
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Fig. 17— Deep etch section 
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depending on the importance of strength in the welded piece. 
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500X. 


, but etched with picric acid in 
ked. 


inclusions were unattac 


2— Same view as Figure 21 
The 


ri grav inclusions, this Fig. 2 
Unetched. 430X. alcohol. 


Another croup of 


time in the base metal. 





Fig. 21 — Specimen, RMIA. 


making of the weld, though evidently the cleaner the base metal, the less the effect. 
Figure 39 shows, as nearly as possible, an average view of the inclusions in all the 
rail sections This is not to be taken as exact, because of the difficulty of selecting 
an average view. With this in mind, it is probably fair to say that the rail metal was 
of average quality. 








: 
) 
| 
| 





[May 


A. W. 


OF THE 


JOURNAL 


“MIys Pue qeM j1el 94} UrIeMj}2q PPA “VEWY wourseads — rz ‘Siy Suyiog ur passowur ynq ‘ZZ pue [Z ‘“SBIy se MAIA DUIEg — CZ “By 





“X0tr ‘Assejs Ajurews o1e suoIsnpoul ayy "XOCh “peAOUWIas JIE SUOISNIUT ‘“SoyMuIa SAY JO} 39zEM 





WELDED RAIL JOINTS 


1925] 


"XOOT ‘“e4njzesadura) ysiy ye apy ‘a19q) poyefes SaNntundun gum peutyno 
ase sauepunog ures oy] "VEL aanaig ‘p ods ‘gam ayy jo O18 
PevVays9aAO OY) UE [2938 ay) JO MFA YW “OCWY wournrvesadg — 97 “Sl4 


“XO 
“Bursts oy} 


“suoIsSn|oul 
pue ulngs 





4amay ing sop 


UZIMjIq 


PRA 


aprxo jo 


‘vend 


saquinu 


ase] 


uaunsedg — ¢z 


“BA 





The specimen of cast iron which we received was a piece that had broken from 


gave the following composition: 


A chemical analysis 


cast iron weld number 11-18. 
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in boiling sodium 


Fig. 27 but etched 
picrate. 430X., 


in 


28 — Same area as 


gray spots are inclu- Fig. 
430X. 





The 


is cementite. 


the band 





Fig. 27-— View in same field as Fig. 28. 
sions while 


Manganese ........... Bi Mnre-a ee a Wwe Gated) 6 ok da weds Oke s 0.52 
PRON 0s bn ck da aed s ches LOU Pbk ie hobs dee ove’ 0.30 
ee EP ORE Oe to RE. yt ie aa ny Fyre 0.072 





The miscroscope shows the iron to be made up of a matrix of ferrite and graphite. 
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show that rup- 
100X. 
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1. 


which 
Spot 


Rm3D. 


30 — View of fracture of rail web, away from 
during testing. 


This fracture is intragranular, 


occurred 


Fig. 


zone. 


ture 


3, Figure 13A. This shows that fracture 
hese damaged grain boundaries. 100X. 


29— A view at spot 
did take place through t 





Fig. 


Because of the minute flakes in which the graphite exists, the structure is much 
stronger than ordinary cast iron. The fine close grain also results in a strong tough 
iron, and with the chemical analysis, indicates a material quite suitable for the purpose. 


S. W. Miter. 
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50X. 


weld. 


in thermit 


Dendrites 


Fig. 35 — Specimen RM4A. 
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100X. 


rail 


Weld between 
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Fig. 34 — 
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Fig. 42 — View within graphitic areas. The —— flakes are quite 
fine and short. 430X. 
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APPENDIX A 


REPORTS OF RAIL WELDING & BONDING CO.— REPEATED 
IMPACT TESTS ON TEST JOINTS SUBMITTED BY THE 
UNITED RAILWAYS & ELECTRIC CO. OF 
BALTIMORE, MD., AND THE BOSTON 
ELEVATED RAILWAY CoO., 
BOSTON MASS. 


Note: The following data were furnished to the Committee by the R. W. & B. Co. 
The Committee does not assume any responsiblity for the information contained 
therein. In regard to the report of tests of the joints furnished by the United Rail- 
ways & Electric Co. of Baltimore, the Committee has been requested by that company 
to point out that the joints as made up do not accord with their usual practice. 


UNITED RAILWAYS & ELECTRIC CO., OF BALTIMORE, MD. 
1. The following description of the test joints referred to in this report is taken 
from the letter dated August 12, 1924, from Mr. W. W. Wysor to Mr. E. R. 
Alexander : 


“We have made up twelve sample joints for testing and which we are shipping 
to you by freight prepaid. There are three series. A, B and C and four joints to 
each series, numbered 1 to 4. All joints are made up of two pieces of rail, each 
16-inches long making the total length of joint 32-inches; rail section B. S. Co. 
122-407A, welding rod, Rail Welding and Bonding Company grade 200. The series 
and joint number are stamped on the head of the rail and there is also an arrow to 
indicate the north end of the joint. Hand feed process was used in all cases and 
single welding only was employed. 

“All joints are made up in accordance with our standard practice as to location of 
seams but we’ have omitted base plates for the reason that that more or less complicates 
the test and in this particular lot of joifts what we are after is to determine the 
value of preheating or postheating and the value of working the hot metal by 
hammering. : 


“The joints were made up as follows: 

Series A— No. 1 No preheating or postheating. 

No. 2 Preheated. 

No. 3 Postheated. 

No. 4 Preheated and postheated. 

Series B— Four joints same as Series A, except that all seams were worked with 
pneumatic hammers. 

Series C— Four joints same as Series A, except that the head of the rail is planed 

and the base of the wide plate also planed in accordance with the 

tee blueprint (Fig. 1) and all seams were worked with pneumatic 

ammer. 


The number of inches of welding rod used in each case was as follows: 
Series A— No. 1— Base Seams — High side S.12” N.15”. 

Low side S.12” N.12”. 
Head Seams — High side 21”. 


Low side 20”. 
No. 2— Base Seams — High side S. 114" N. 11%”. 
Low side S. 11 N. 11”, 


Head Seams — High side 29”. 
Low side 2414”. 
No. 3— Base Seams — High side S. 1214” N. 14%”. 
Low side S.11 N. 123%”. 
Head Seams — High side 26”. 
Low side 29”. 
No. 4— Base Seams — High side S.12” N.13”. 
Low side S.11” N.12”. 
Head Seams — High side 30”. 
; Low side 25”. 
Series B— No. 1— Base Seams — High side $.12” N.12”. 
' Low side $.13” N.12”. 
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Head Seams — High side 24”. 
Low side 24”. 
No. 2-— Base Seams — High side S.121%4” N. 11%”. 
Low side $.12” N.12”. 
Head Seams — High side 2814”. 
Low side 27”. 
No. 3— Base Seams — High side S. 114" N. 11%”. 
Low side S. 16 N. 13”. 
Head Seams — High side 2642". 
Low side 24”. 
No. 4— Base Seams — High side S.11” N. 14%”. 
Low side S.17%” N. 13%”. 
Head Seams — High side 26%”. 
Low side 22%”. 
Series C— No. 1— Base Seams — High side S.18” N. 18”. 
Low side §.13” N.12”. 
Head Seams — High side 53”. 
Low side 29%”. 
No. 2— Base Seams — High side S. 161%” N. 17”. 
Low side S. 13%” N. 12”. 
Head Seams — High side 504". 
Low side 31”. 
No. 3— Base Seams — High side S. 16%” N. 1914”. 
Low side S.11%”" N.13%4”. 
Head Seams — High side 5514”. 
Low side 30”. 
No. 4— Base Seams — High side S.16%4” N. 1914”. 
Low side S. 14%” No. 124” 
Head Seams — High side 58”. 
Low side 30%”. 


_“Our preheating apparatus consisted of two Hauck torches one applied to each 
side of the joint. These were kerosene torches operating under an air pressure of 
something like 50 pounds. — 

“We also used a sheet iron oven to cover the joint which accelerated the heating 
and also made it more uniform. We had no accurate means of determining the 
temperature to which rails were heated, but our judgment was that it was between 
600 and 800° F. Tin foil would readily melt when laid on the rail, but the rail was 
not hot enough to show red.” 

2. in a letter dated September 24, 1924, Mr. Wysor added the following explana- 
tion : 

“ Referring to the sample joints which we sent you for testing, we have discovered 
that our shopman in planing off the head of the rail for the series “C” joints made 
an error in the angle, which instead of being 55° was only about 41°. 

“We discovered this when we made up an additional joint to test in a small way 
of our own, and we found to our chagrin that it was practically impossible to weld 
to the bottom of the groove. In fact, the welding extended only about % of the 
way in from the outside edge of the rail head.” om 

3. The method of testing is described in “ Investigation of Seam Welded Rail 
Joints” (January 1924 issue of the Journal of the American Welding Society). The 
essential conditions of the tests were as follows: 

Weolahet of TREES 5 5 05.0 ae eta nye ds atin usage cnccas 250 Ibs. 

Welt Ol SIG 5g S555 05 kc Sbk a dichnds Brash snake 2450 Ibs. 

Dram of RAGES... 0. .cccccecscstecivtccsdvecvesaus 10 inches 

Basie 26F GNC. ccc rcp icdacdnssoavistessockosaseve 70 

Seport OF JOM. «van 5 escvcens sous creer sexe sisese Y, inch leather strip di- 
rectly on anvil. 
Tetel tonath: 08 Belek. go. ec iceccnct si deige Uiei ss... 32 inches 




























Included in the summary of data, are the test data of joints H-84 and H-85 welded 
by the Rail Welding & Bonding Company for the purpose of comparison. These 
joints were welded in accordance with instructions as noted in our Bulletin 106, 

It must be kept in mind that the tests described in this report were not intended 
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It is 


WELDED RAIL JOINTS 
devised a means for holding joints 68” long on supports having a span of 60”. 


In order to determine the effects of pre-heating, post-heating, 
The test will be a very severe one, but it will bring out in 


staggered plates, staggered seams, etc., as regards stresses in the rails, we have 





to bring out the effects of pre-heating and post-heating on the rail itself, but rather 
recommended that further test joints be made of such length (68”) that they can be 


op the seam welds. 
tested on this wide span. 
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an accelerated degree the relative merits of pre-heating, post-heating, etc., as regards 
residual stresses in the rails. 
4. Conclusions : 





A. All the seam. welds in these series of joints show evidences of having been 
made up with too high a welding current. 

B. The lack of groove and ledge on the lip side of the rail was a further cause 
of poor seam welds. 

C. The lack of a groove and ledge condition for the head seam welds on the 
wide plate, accounts to some extent for poor welds. In this connection it should 
be noted that an acute angle condition is never the best one for seam welding, 
whether by carbon arc or metal arc. 
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Section of test Joint 
U.R &E Co (Baltimore) 
Fig. 1 


D. Preheating the joint to a temperature of 600-800° F. is hardly to be con- 
sidered good practice in the light of present knowledge. In the first place it is a 
more or less expensive and troublesome procedure, but above all, it must make 
conditions so uncomfortable for the welder that he cannot do his best work. 

E. Working the seam welds with pneumatic hammers would unquestionably 
be good practice, if it could be done above the critica! temperature. However, 
if the operation is carried out below this temperature (and it is very difficult 
to do otherwise), there is great danger:of embrittling and damaging the weld 
metal. The embrittling effect on steel due to mechanical work is especially 
marked in the temperature range of about 570° to 700° F. (See “ Metallurgy of 
Iron and Steel” by Bradley Stoughton). 

F. Post-heating the entire joint to a temperature of 600 to 800° F. is also of 
doubtful value. There is ample evidence, however, from results obtained in 
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bar and butt weld practice, to believe that post-heating the rail bases at the ends 
of fishplates to the critical temperature, or some pre-determined lower temperature, 
will be of considerable advantage in relieving stresses in the rails at these points. 
G. As far as can be ascertained at the present time, the best and most reliable 
joint welding has been accomplished by following the instructions as given in 
our Bulletin 106. These instructions involve the new “UNA-fying” Process. 
We would recommend that a series of joints be made up following these 
instructions as closely as possible. 


BOSTON ELEVATED RAILWAY, BOSTON, MASS. 


1. The following description of the test joints referred to in this report is taken 
from the letter dated October 3, 1924, from Mr. H. M. Steward to Mr. E. R. 
Alexander : 

“We have made up ten sample joints for impact testing which we are shipping 
to you by freight prepaid. The joints are made up of two pieces of rail, each 16” 
in length, making the total length of joint 32”; rail section 7” girder, B. S. Co. 
section 122-407A with standard — plates and no base plates. A soft steel insert 
1/16” in thickness was placed between the rail ends and joints assembled under 
compression. Welding rod used was R. W. & B. Grade 200, 9/32” diameter. All 
joints were welded by the hand feed process known as Process ‘ B.’ 


The joints were made up as follows: 
4 joints with no ne-gerhesting or postheating. 
2 joints preheat 
2 joints postheated. 
2 joints preheated and postheated. 
Top seams of all joints, double weld. 
Base seams of all joints, single weld. 
The number of inches of welding rod used for each seam was as follows: 


Joints Nos. 1, 2, 6 and 7 
No preheating or post-heating. 


Joint No. 1 Joint No. 6 
Inaiiietss, 660. oe Spies tap cue 29” Ee ee 35” 
QUOD sine ccc diccccndevh 35” a oe ccc pes 29” 
Re: i. c.dudecskexcnat 19” Imside base ......... Fe ERD. 18” 
Outeiee Bese .... ace. ctabeu. 20” ed ak So PIER ER ea 19” 

Joint No. 2 Joint No. 7 
kis 5 60 scneis oknnana _ SR en Soe 36” 
oN errr 28” SE so ccc cbvesscccces 35” 
SOM. di svn kcv dex vnaces 18” 7 SSeS Sees Career 19” 
BO A RES 18” OE pe ee rae 19” 

Joints Nos. 5 and 9 
Preheated 

Joint: No. 5 Joint No, 9 
OE eee 34” SIN. 5 Cinco cays cc ouneo « 44” 
ee ere 27” SS ers Sere 434%.” 
ISR Sob ctiewers sndeee 17” OD 5... oa anipeckions 19 
CTIEEED: ow uvewseceveuban 18” I eS Tat 5 a 18” 

Joints Nos. 3 and 8 
Postheated 

Joint No. 3 Joint No. 8 
EAN Se on, ccc ccs sss anaaen 32” BRINN O5b ok EUhaeet s css 35” 
nh ERE Fe 27” SPEED. Si aviwv ccc cssse 38” 
So rere a 16” es 5 os dubia 0% 19” 


Outside base ..........0+..:- See WE WEN. doc ccccvctcess 20” 








138 JOURNAL OF THE A. W. S. [May 


Joints Nos. 4 and 11 
Preheated and Postheated 


Joint No. 4 j Joint No. 11 
Desihe: 2b. ds.00 chk e tabevande 34” Inside top .....--.cseseeceees 44” 
CE TD. cee ry rs dneeonnter 6” STD inte a ois kc ones natn 43” 
gS RRA eee 17” RS a SNS So 19” 
eS ae eee 17” PP Eos fee 1814.” 
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Fig. 2 


“Our heating apparatus consisted of two Hauck torches one applied to either 
side of the joint. We had no accurate means of determining the temperature to which 
the rails were heated, but tin foil would readily melt when laid on the rail and we 
assume the temperature was between 600 and 800° F. Fig. 2 shows the cross 
section of the joint.” 


The method of testing is described in “ Investigation of Seam Welded Rail Joints” 
(January 1924 issue of the Journal of the American Welding Society). The essentia! 
conditions of the test were as follows: 
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WELDED RAIL JOINTS 
elded in accordance with instructions as noted in our Bulletin 106.” 


2. Included in the summary of data, are the test data of joints H-84 and H-8 
It must be kept in mind that the tests described in this Report wer 


welded by the Rail Welding & Bonding Company for purposes of comparison. 


joints were w 
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e not intended to 
but rather on the 


In order to determine the effects of pre-heating, post-heating, staggered 


plates, staggered seams, etc., as regards stresses in the rails, we have devised a means 


effects of pre-heating and post-heating on the rail itself, 


bring out the 


seam welds. 
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for holding joints 68” long on supports having a span of 60”;- It is recomimended that 
further test joints be made of such length (68”) that they can be tested on this wide 
span. The test will be a very severe one, but it will bring out:in an accelerated degree 
the renee merits of pre-heating, post-heating, etc., as regards residual stresses in 
the rails, 


3. Conclusions : 


A. The four joints in Group 101 were excellent joints in every respect. The 
welding conditions for the head seams would have been very much better, however, 
had plates been used of the design recently adopted by the Boston Elevated Rail- 
way. In any event, these four joints gave ample evidence of the advantages of 
providing a groove for the head seams which are welded by the UNA process. 

B. The joints which were preheated or postheated, or both preheated and 
postheated, by Hauck torches, for some reason, not definitely understood at 
present, did not give as good results as the joints in Group 101. In the case of 
the preheated joints, it is probable that the preheating made the working conditions 
so uncomfortable for the welder that he could not do his best work. In the case 
of the postheated joints, it may be that the seam welds had become embrittled by a 
too prolonged heating below the critical temperature, but no definite conclusions 
can be stated at this time. 

C. While postheating the entire joint to a temperature of 600-800° F., is of 
doubtful value (in fact it appears at present to be actually harmful), there is 
ample evidence from results obtained in bar and butt weld practice, to believe that 
postheating the rail bases at the ends of the fishplates to the critical temperature, 
or to some predetermined lower temperature, will be of considerable advantage in 
relieving stresses in the rails at these points. 

D. Judging from the results obtained in Groups 18 and 101 (for girder rails) 
and from similar results obtained on T-rail joints welded by the R. W. & B. Co. 
and also by the Denver Tramway Company, it would appear that at the present 
time the best practice in joint welding is to be obtained by following the instruc- 


tions as given in our Bulletin 106. This practice involves the new “ UNA-fying” 
Process. 
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APPENDIX B 


OTHEOGRAPH* 
2 By P. M. Gillilanf 


The otheograph consists of one or more steel ties with indicators on each end 
which record the reaction of locomotives and cars on the track and shows the im- 
pulse of each wheel on the ends of every tie. It shows the following on a graphic 
record: 

The amplitude and characteristics of both the vertical and transverse flange thrusts 
of all the wheels on each rail. 

The running equalization and rolling characteristic of the locomotive and cars. 

The comparative vertical and lateral flange thrusts at different speeds. 

When installed in the main line it may be arranged to show the loading of every 
wheel, even in a long train. 

It detects flat spots on wheels and shows on which wheel they exist. 

It indicates any transfer of weight or tilting in the locomotive driving trucks and 
the extent of the transfer. 

Description 

Each otheograph tie consists of three principal parts which are the steel tie cast- 
ing, the bottorn and side springs, and the recording heads. 

The tie casting for a standard 4-ft. 8%4-in. track gage is 6 ft. 10 in. long and is 
the foundation to which the various parts are fastened. It is designed for strength 
and rigidity and yet is made as light as possible. To this cast-steel tie are fastened 
the supports for the bottom springs, the stops for holding the rails in place and a 
cross bar at each end which supports the recording heads. The tie turns up at the 
end and is machined to hold the side springs in place. 

The main springs are flat, specially machined, tempered and ground. The pressure 
is applied at the center of the springs. The latter are uniformly one inch thick and 
rest on supports 20 in. apart which makes them a beam of uniform section supported 
at the ends with a concentrated load at the center. 

The maximum deflection of these springs is limited to % in. at the center. With 
a 100-lb. rail, two springs are placed under each rail and two set on edge in the end 
of the tie and opposite the head of each rail. The bottom springs are 6 in. wide 
and the side springs 4% in. wide. Spacers are placed between each pair of springs 
at each end and at the center. Both sets of springs lie with their long axes parallel 
to the rail. 

The recording heads are bolted to the cross bar on each end of the tie. Each 
head consists of a main frame casting, recording drum and two recording levers. 
The recording drum is set on the lower part of the casting at an angle of 45 degrees 
to the rail. This arrangement permits the two recording arms to operate on the same 
drum, The drum is revolved by a flexible wire cord wound in a groove around 
the base. The torque exerted is counterbalanced by a coil spring inside the cylinder 
which causes the drum to return when the tension is relieved. Two clips are hinged 
to the bottom casting of the drum to hold the recording paper. The drum is a brass 
cylinder, 4 in. long and 4 in. in diameter. 

The two recording levers in each head casting are alike. The upper lever records 
the lateral, and the lower the vertical movement of the rail. Each consists of three 
principal parts, short radius arm, long radius arm and stylus arm. The short radius 
arm with a cam fastened to it is part of a machined piece about which the recording 


* Extracted from article in Railway Age, August 16, 1924. 
+ Railway Engineering Department, General Electric Company, Schenectady, N. Y. 
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Side View, Showing Location of Rails and Operating Mechanism 


lever rotates. The long radius arm is made of very light steel tubing, copper plated, 
and is brazed to the machined piece. The aluminum stylus arm is hinged to the 
end of this long arm. Between the cam on the short radius arm and the side spring 
is an adjustable distance piece which transmits the movement from the center of the 
spring and rail to the recording arm. The cam rolls on the flat hardened steel sur- 
face of the distance piece and is designed to give a compensating radius to the short 
arm in order that the multiplied record on the paper will be maintained constant. 
The arm is built to give ‘a ratio of eight to one. In order to set the stylus for the 
zero line on the record, the distance piece is made adjustable. The short radius arm 
is held tight against the distance piece by a retriever spring, which may be set to the 
proper pressure by an adjusting screw. The spring pressure is so slight that the 
opposing effect on the main side springs is negligible. 

The aluminum stylus arm carries a small brass stylus pin which is held in contact 
with the record paper by the action of two springs. One is a coil tension spring 
which holds the arm against the drum and the other a flat cantilever spring which 
holds the stylus pin at the proper pressure on the paper. The stylus pin is guided 
by a hardened steel bushing set in the aluminum arm. The end of the bushing next 
to the paper is polished so that it can rub on the record without tearing. Metallic 
coated paper, 4 in. wide and 16 in. long is used for the records. This paper shows 
a good distinct black mark when the brass stylus passes over it. It shows marks of 
brass, copper, silver, nickel, etc., but is not affected by steel. 
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When changing the records after a test run, the stylus arms can be folded back 
out of the way. These arms maintain a position nearly parallel to the long radius 
arm and are held there by the same coiled spring which holds them against the record- 
ing arm. 

Records 

The otheograph records show the comparative effect on the rails for each wheel, 
equalization of axle weights, and lateral thrusts which give an indication of the 
tracking qualities. The slope of the impact peaks gives the rate of speed of the 
blow on the rail. The records also indicate the dynamic augment when comparing 
an engine at slow speed with the higher speed record. 

A full set of otheograms is made when the locomotive or train passes over the 
otheograph. On each side of the track the successive otheograms show the impulse 
of the wheels on the rail at each tie. The lower curve of each record shows the 
vertical pressure of the wheels. The upper curve shows the lateral or flange thrusts 
of the train wheels. The part of this curve above the datum line is due to stressing 
the rail when the wheel is shifted toward the center of the track and has no calibra- 
tion value. The upper and lower curves register together so that the lateral effect 
of a wheel is directly opposite the corresponding vertical impulse. The record of 
the leading wheel of the train is always at the left end of the otheogram. This is 
independent of the direction of the train movement over the otheogram. 

The record from a slowly moving locomotive shows the equalized distribution of 
the weight and serves as the basis of comparison with a record taken at a higher 
speed. The effect of side thrust in changing the vertical component of the locomo- 
tive and any variation due to dynamic unbalance is definitely indicated. Every impulse 
of the wheels on the rail appears on the otheograms, even the effect of a flat spot 
on a wheel or any slight unevenness in the matching of the rail joints. 


COMMENTS OF MANUFACTURERS OF JOINTS 


Comments by H. F. A. Kleinschmidt, Lorain Steel Co. 

It should be noted in Mr. Miller’s discussion of the resistance weld as revealed 
in the fractures of the bar weld joints, that a weld is discussed which is not made in 
accordance with the best practice for welds of this type. In the bar weld joint 
it is more essential that the bars be as hot as possible when the end welds are being 
made in order that the shrinkage of the bars on cooling will draw the abutting rails 
tightly together than it is to produce a good weld at this point. Pressure is therefore 
not held on the center weld, as it is a very rare occurrence to have a joint break 
through the bars and center weld in actual practice (where they all broke in the 
tests), and which fractures were examined by Mr. Miller. We are more concerned 
with having the bars as hot as possible at the center than we are to produce a good 
weld here as this weld is subjected to practically no strains and its object is simply 
to prevent independent end movement of the rails. This weld is really made 
incidentally to heating the bars at the center so that they will be in an elongated 
state before the ends of the bars are welded to the rails. Had the end welds been 
examined, (none of which broke in the tests), a different story would have been 
told, as these welds are held under a heavy pressure while cooling which has the 
same effect as hammering or forging the steel and results in a remarkably strong, 
tough, weld. 

Comments by R. B. Fehr, Rail Welding & Bonding Co. 

1. (Referring to foot-note at bottom of page 12.) 

“The Bureau of Standards very properly points out that during the tensile 
tests the joints were subjected to bending stresses because of the lack of coin- 
cidence of the center of resistance of the welded rail section and the center of 
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gravity axis of the rail. From careful measurements made on joints before and 
after they had been tested in tension, it is apparent that the cause of rail failure, 
instead of seam failure, in many of the tensile tests, was due primarily to the 
fact that these tensile tests were really combined tension and flexure tests. 

“As also pointed out by the Bureau of Standards, there is some ‘notch’ effect 
due to the starting of the weld and residual internal stresses set up by the process 
of welding. However, such notch effect as may exist in seam welded joints made 
according to recommended practice can not be particularly harmful; otherwise, 
the severe drop tests made at the University of Illinois would have given very 
low results, as the drop test is particularly useful in showing up a notch effect. 
As a matter of fact, the seam welded joints, particularly those made by improved 
practices involving pre-heating, or a combination of staggered plates, staggered 
seams, pre-heating and post-heating by the long carbon arc, showed up so well 
under the drop tests in comparison with other types of joints, that it can be 
concluded that there is no seriously harmful notch effect in seam welded joints 
that are made in accordance with recommended practice.” 


(Referring to foote-note at bottom of page 78.) 

“The statement ‘not welded at bottom of groove’ is correct, but it should 
be interpreted in the light of the following: No seam welds made by the UNA 
Process will be found welded at the bottom of the groove. The groove and 
ledge condition for welding the head seams was designed to produce easy weld- 
ing conditions for the carbon arc and to enable the operator to obtain a large 
area of fusion between the seam metal and rail and between the seam metal 
and plate. In all cases, the groove has been made purposely somewhat deeper 
than it was expected the weld could be made, in order to facilitate the action 
of the carbon arc.” 
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ACETYLENE JOURNAL 


Established 1899 


A monthly publication devoted to gas welding and 
cutting and other uses of the gases produced by this Industry. 

f you are engaged in gas welding, or interested in any 
capacity in the Industry, you ought to be a reader of the 
ACETYLENE JOURNAL. 

Its reading pages are all devoted to the promotion of 
your business. They will help you solve the many problems 
in repairing broken machinery, manufacturing new articles, 
and increasing production in your plant. It is edited and 
contributed to by the best authorities in gas welding and cut- 
ting. Should you have difficulty on any welding job, a letter 
written to the editor describing the trouble will bring you 
immediate advice. 

Subscribe Now. Get in touch with the developments of 
the process and the benefits derived therefrom. Subscrip- 
tion price $2.00 a year. 





A sample copy will be mailed on request 


STUART PLUMLEY, Managing Editor 


ACETYLENE JOURNAL PUBLISHING COMPANY 
53 W. Jackson Blvd. Chicago, Ill. 











—— | ThoWolding Enginoor re 


“Take the Guess Work Out of Welding” 


AN old slogan around the office of The Welding Engineer, but still 
one which cannot be emphasized too much. In your plant there 
is a man who needs timely, accurate and practical information about 
welding. See that he gets The Welding Engineer regularly. Sub- 
scribe now. 








No matter what your welding problem may be, The Welding 
Engineer is the best source of information available. Its pages 
discuss, monthly, every phase of welding. One idea from one 
issue will more than pay for a year’s subscription to this valuable 
publication. The value of the reading matter is assured for the 
best welding authorities in America are regular contributors. 


Arc Welding, Electric Butt, Spot and Seam Welding, Oxy-Acetylene and the 
Thermit System, in fact every known process of joining metals is dis- 
cussed. Our Buyers’ Index reflects the progressiveness of America’s first 
manufacturers. 
Price $3.00 in the United States and Canada; $4.00 Abroad 
Sample Copy Sent Free Upon Request 
G. H. MACKENZIE, PUBLISHER WELLINGTON W. BROTHERS, EpDiToR 


The Welding Engineer—608 S. Dearborn Street, Chicago, IIL 
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Y, p ? 
WELDING WIRE 
for All Arc Welding 


Select the Right Grade for Each Job 


No. 4 


GRADE COLOR 
“GREEN” 
Diameter Size: 5/32” 


For flat, vertical and overhead 
welding. This wire will pro- 
duce an extremely hard sur- 
face on steel and is not ma- 
chineable. For use where 
resistance to wear is an im- 
portant factor—Guides, Rock- 
Crusher Jaws, Frogs, Rail 
Heads and Switch Points. 


No. 6 


GRADE COLOR 
“WHITE” 


Diameter Sizes: 5/32”, 1/8”, 


For flat, vertical and overhead 
welding. This wire will pro- 
duce a weld in steel of about 
50,000 to 60,000 Ibs. per 
square inch tensile strength 
and of medium ductility. 


No. 9 


GRADE COLOR 
“BLUE” 
Diameter Sizes: 3/16”, 5/82”, 
1/8” 


For flat, vertical and over- 
head welding. This wire will 
produce a weld in steel of 
over 60,000 Ibs. per square 


inch tensile strength and an 
elongation of about 15% in 
one inch in a mechanically 
sound weld. Machineable at 
reduced tool speed. For Auto- 
mobile Frames, Boiler Plate, 
Cast Steel Parts, Locomotive 
Frames, Fire Box Seams, Flue 
Sheet Patches, High Pressure 
Boiler Work, Oil Pipes, Gas 
and Steam Pipes, Ship Pilates, 
Tanks, Fish Plates, and Rail 
Bonds. 


No. 20 


GRADE COLOR 
“BROWN” 


Diameter Sizees: 5/32”, 1/8” 


For flat welding only. This 
wire will produce a weld in 
brass, bronze, and light gauge 
copper. For Pump Castings, 
Water Wheels, Motor End 
Rings, Tail Shaft Sleeves, 
Bearings, and Castings. 
* 


No. 50 


GRADE COLOR 
“ALUMINUM” 


Diameter Size: 6/32” 


For welding Sheet Aluminum 
minimum No. 11 gauge (%”). 
Also for Cast Aluminum mini- 
mum thickness 3/16”. 


No. 12 


GRADE COLOR 
“GRAY” 


Diameter Sizes: 5/32”, 1/8”, 
3/32” 


For flat welding only. This 
wire will penetrate cast iron 
and produce a homogeneous 
and machineable weld. Readily 
caulked when cold. 


MONEL METAL— 
WILSON PROCESSED 


Diameter Sizes: 5/32”, 1/8” 
3/32” 


For welding Monel Metal and 
Monel to Steel. 


No. 17 


GRADE COLOR 
“RED” 
Diameter Sizes: 1/4”, 8/16”, 
5/32”, 1/8”, 3/32” 


For flat, vertical and overhead 
welding. This wire will pro- 
duce a sound weld in cast 
iron where studs are used and 
in steel a weld of about 
50,000 to 55,000 Ibs. per 
square inch tensile strength. 
On steel it is easily machine- 
able. For Flue Work, Steel 
Castings, Blow Holes in Gray 
Iron Castings. 


WILSON WELDER & METALS CO. INC. 


Wilson Bidg. 


Hoboken, N. J. 


Canadian Distributors: G. D. Peters & Co., Lid., Montreal 


WILSON 


WELDING MACHINES AND WELDING WIRE 
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K-G Welding & Cutting Co., Inc. 
556 WEST 34th STREET 
NEW YORK CITY 


MANUFACTURERS OF 


K-G-TORCHES 














Swedox 


The World’s Best 


Welding Rods 











and 
Electrodes 
A GRADE FOR EVERY PURPOSE 
NON-OX SWEDOX CYLKOTE ALUMINOX BRONZKOTE 
LEKTROX SWEDOX MANKOTE DRAWN ALUMINUM MONEL METAL 
CASTOX RAILKOTE BRAZOX ate 
ARC CARBOX TENSKOTE BRONZOX NICKOTE 
GAS CARBOX NICKOX TOBIN BRONZE VANKOTE 
VANOX RAILOX MANGANESE BRONZE 
STEELKOTE KROMOX DUCTKOTE FLUXES 
LEKKOTE MANGANOX DUCTILOX ELUVARS 
The above et * Weiding Rods conforms to the American Welding Society's specifications E Ne. 1A, 
E-No. 1B, ic, @ No. [A—Folies Nos. 1-E and 1-G, an 


a large variety of other analyses 
developed wy a ter special purposes. 


A large stock of all sizes of the above classes of material is carried in both dur Chicage and Detroit 
warehouses. Send fer our stock list and other descriptive matter covering our SWEDOX line. 


Put your welding problems up to our experts. (Demonstrations will be made wherever possible.) 


Look for the SWEDOX TAG. It is your protection. 


Chicago Office and 





Warehouse 
4545 8. ee, Bivd. Gxttirol & 5001 Bellevue Ave. 
CHICAGO, ILL. D IT, MICH, 
Phone Lafayette 8500 Phone Lincoln 61780 


FREE SAMPLES OF ANY ROD SENT UPON REQUEST 





Detroit Office and 
Warehouse : 











MILBURN 


Efficiency and economy of gases are achieved in Milburn 


Welding and Cutting Apparatus. 

Welding Torches Acetvlene Generators Regulators 

Cutting Torches Compressing Plants Accessories 
Send for Catalog No. 354 


THE ALEXANDER MILBURN COMPANY 
1416-28 W. Baltimore Street Baltimore, Md. 





‘ 
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SAFETY SERVICE SATISFACTION 


Users of Gas Welding and Cutting Equipment are assured of Safety, 


Service and Satisfaction when they select Torchweld Apparatus for their 
requirements. 


BUILT UP TO A STANDARD, NOT DOWN TO A PRICE Torch- 


weld Equipment offers the best value for your money in the Gas Welding 
and Cutting Equipment field. 


Send for Catalog 23-J 
TORCHWELD EQUIPMENT COMPANY 


224 No. Carpenter St. Chicago, Ill. 











Essentials for Safe and Reliable Electric Arc Welding 


WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 


Write for Booklet 


TRANSPORTATION ENGINEERING CORPORATION 
909 EAST 134TH STREET 327 S. LA_ SALLE STREET 
NEW YORK CHICAGO 











ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 


Do you understand our free loan cylinder plan? If not, 
we are glad to explain 


Supplied in the following size cylinders: 
10” x 30”—capacity 125 cu. ft. 
12” x 36° _ “ — * = 
12” x44". “ a oe 


Prompt and efficient service on any quantity through plants 
and warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N. Y. 


BRANCHES: 


421 Trust Co. of Georgia Bidg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, Ill. 
553 Monadnock Bldg., San Francisco, Cal. 
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Balanced 


Why the UNA Rail Joint IS the Balanced Rail Joint: 
1. It is easily installed under all track and 
traffic conditions. 


2. It maintains the original steel structure 
and the straight running surface of the rail 
without danger of “cupping.” 


3. It stands high under Impact Tests. 


4. It meets every requirement under Ten- 
sion Tests. 


5. It shows a large factor of safety under 
Cross-Bending Tests. 


6. Its Conductivity is even better than that 
of the Rail. 


7. It is low in initial cost. 


When you consider the real significance of 
these seven factors you have one of the best rea- 
sons why the UNA Rail Joint has been so widely 
adopted on every type of property—large and 
small. 


Get the detailed facts of the 
first Balanced Rail Joint. 


UNA WELDING AND BONDING COMPANY 
CLEVELAND, OHIO 


Rail Bonds = Dynamotors 
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An electric arc produced exclusively by Lincoln apparatus, having perfectly 
compensated timing elements, providing a steady uninterrupted flow of heat. 


Exclusive Design 


he Lincoln “Stable-Arc” Welder is designed to 
furnish instantly a change in voltage to take 
care of any extraordinary demand of the arc. 


This is due to the fact that the frame, as well as 
the fields of the generator, is constructed of lami- 
nated steel which decreases the reluctance of the 
magnetic circuit. 

Theresultis“Stable-Arc”—the easiest arc to main- 
tain. The inevitableresultis faster and better work. 


Operators prefer Lincoln “Stable-Arc” Welders 
for this reason. 


THE LINCOLN ELECTRIC CO., Cleveland, Ohio 
Branches and Offices in Principal Cities 


LINGOL 


“Stable-cArc™ 


. WELDE 
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“WELD PLATES” 
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Modernize your welding practice! 


All you need is a trial to show that our patented “WELD 
PLATES” make the most efficient and economical of bar-weld 
joints. 

Because they are the strongest and most up-to-date plates rolled especially 
for electric welded joints. Note the shape—the grooves for retaining 


plenty of weld metal along the upper edges—the wide contact areas at top 
and bottom—the suitability for the use of short bolts. 


Many of them in successful use. 


THE RAIL JOINT COMPANY 


61 Broadway, New York, N. Y. 


ei: 
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The New 200 Ampere 
« Westinghouse Arc Welder 





ADVERTISING 


Solid Facts 
about Welding 


OR simplicity of operation, “good fusion and a perfect 
weld, the Westinghouse Arc welder is absolute assurance 
of complete satisfaction. 


The salient characteristics of the new 200 ampere Westing- 
house arc welder are: 


1. One operation only for complete current 
adjustment. 


. A current range from 60 to 300 amperes in 
61 steps with one current setting of the 
rheostat. 


. Handles all commercial sizes of electrodes from 
one-sixteenth inch to one-fourth inch inclusive 


. Ease of striking and maintaining arc due to 
the quick recovery of arc voltage from the 
generator. 


. A definite rating of 200 amperes at 25 volts 
for one hour when operating on a constant 
resistance load—with a temperature rise not 
exceeding 50° Centigrade. 


. Can change from downward welding to over- 
head without changing current. 


The test of actual experience has proved the new Westing- 
house arc welder able to withstand the most severe welding 
operation. This new equipment is fully explained in our 
publication—Arc Welding and Cutting. Send for a copy. 


West Electric & Manufacturing Company 
East Pennsylvame 
Sales in All Principal Cities of 
the United States and Foreign Countries 
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Let This Todd Welder 
Save You $7,000 


ICH will you have for welding purposes 

—seven machines to suit seven different 
needed welding requirements—or the Todd 
Welder that will meet all needs? om | 

For example, a machine each for the follow- \a 

ing requirements of 110 volts D.C.; 220 volts Bi 
D.C.; 550 volts D.C.; 220 volts, 60 Cycle,2 Phase “tres, isic trom mintes eers een 
A.C.; 220 volts, 60 Cycle, 3 Phase A.C.; 440 
volts,60 Cycle,2 Phase A.C.; 440 volts, 60 Cycle, 


3 Phase A.C. would mean an expenditure ap- 
proximating $7,000. Yet one Todd Twin Pole ai ae 
Arc Welder, gasoline driven, will meet all weld- 2 EM) a 








Diameter, 16 1-8 inches 
Shipptag werght. 680 pounds 




















ing requirements at one initial outlay. 

This Todd Welder can be driven from the DR_DC DL 1 aap.—Sinae Oparir Samay 
power take-off of a Fordson engine oranyother =< Oo Mh mm 
suitable gas engine or can be belt driven. Power Reet vote eg oc i pant 
is also supplied for operating electric drills, 
grinders, chippers, lights and other purposes 








Shipping weight, 60 po nds 








without interfering with the welding circuit. 
These Todd Welders are furnished in two 
types for field work, ER and ER2—and are 
recommended for use as part of a Fordson. 
Write us for complete information. Loch» oe 


Diameter, 17 1-4 teches 
Net weight. 765 pounds Shipping werght, 840 pounds 








AR—A.C. D C.—200 emp. —Singic Operator Stationery 


TODD TWIN POLE ARC WELDERS 
25 Broadway, New York City 
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A broken enginecy linder 
which was later reclaim- 
od by welding 





417 Engine Cylinders Reclaimed 
Without One Failure 


When you consider that a new cylinder would cost $1100, not 
including cost of installing, and that a fair average for welding is 
$260, this record becomes even more impressive. 


Analysis of the cost of a typical job shows: 


i hid uss hee ce dp iettes $28.00 
Cost of valve chamber and cylinder TINGS «. 0.02000 35.00 
Cost of chipping, manne « and Saree rings in — 
Ep ibnd ob oc 'scfavceGescescves . 25.00 
Labor cost for welding | SSS ou bobs sOeb doicecces 108.00 
Labor cost for machining... .......... 6.6 csseeeees . 8.00 
EE ee or i 22.00 
Cost of Electrode material...... chengsues 30.00 
TOTAL $256.00 
ae = ee The G-E Arc Welder gives 24-hour service day after day. It can 
7 as oom oe be readily adapted to light or heavy duty work. It is simple, and 
which arc welding easy to operate. 
performs in railroad 
ese Soe There should be no doubt of the value of a tool that does these 
caving. tool of vest things. The welding specialist in the nearest G-E office will gladly 
importance to you. answer all your questions. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, N. LES OFFICES IN ALL LARGE CITIES 











156 JOURNAL OF THE A. W. S. [May 





The purest iron 


makes the quickest, 
*- most dependable weld 


Welding men have found that Page Armco Iron for welding rods is the 
Welding Rods and Electrodes made recognized standard — guaranteed 
from commercially pure Armco ingot 99.84% pure. Page Rods conform to 
Iron, flow more freely and assure the “yn Bade op ; , 
most uniform deposit of dense, clean A.W.S. specifications. Their cost is 

so small in comparison to the results 


metal. 
Result: reduction of the labor cost per obtained it always pays to insist on 
job to a minimum—and better welds. their use. 


PAGE *® 


WELDING WIRE and ELECTRODES 


PAGE High Carbon 
Gas Welding Wire and Electrodes 


The harder the welding job, the more important the welding material, For 
difficult steel welding use Page High Carbon Rods—save welding time and 
insure the success of the weld. 

Hardness tests indicate that surfaces welded with Page High Carbon Steel 
have wearing qualities fully equal to those of the base metal. 

To identify Page High Carbon Rods—look for the red tag and red ends. 


PAGE STEEL & WIRE CO. 


Bridgeport, Connecticut 
District Sales Offices, Chicago, New York, Pittsburgh, San Fran- 
An Associate Company of American Chain Co., Inc., of 
Bridgeport, Conn. 


ciseo, 
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Plants and warehouses 
in 87 cities make it 
possible for 22 District 
Offices always to fulfill 


delivery promises for 


Srect-O Lite 
DISSOLVED ACETYLENE 


THE PrestT-O-LITE COMPANY, INC. 
Oxy-Acetylene Division 


General Offices: Carbide & Carbon Bidg., 30 East 42d St., New York 
In Canada: Prest-O-Lite Co. of Canada, Limited, Toronto 


31 Plants — 60 Warehouses — 22 District Sales Offices 
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Why should you use 
Oxweld welding rods? 





D IRT in the weld can be seen by an alert operator 
and by careful puddling he will be able to work 
it to the surface and remove it. 

This work is tedious and takes time. And the 
added time will soon equal the money supposedly 
saved in buying cheap and inferior welding rods. 

Poor welding rods might look like good ones— 
except under a microscope. Then the particles of dirt 
or “inclusions” between the crystals of metal are seen 
clearly. And this dirt is a direct cause of weakness in 
welds. 

Oxweld engineers are not content with specifying 
merely the chemical composition of Oxweld welding 
rods. They go farther. All Oxweld rods are carefully 
tested. Steel, cast iron and non-ferrous rods are first 
flame tested to determine their welding qualities, with 
special attention given to eliminate any showing “in- 
clusions.” The test of chemical composition is then 
conducted. As a final check of steel and cast iron rods, 
coupons are welded and undergo a pulling test for 
tensile strength. These tests for physical properties 
are the most important, but only rods which pass all 
the tests are approved for shipment to customers. 

To obtain better welds, buy better rods—Oxweld 
rods. 


OXWELD ACETYLENE COMPANY 


Long Island City, N. Y. - Thompson Ave. & Orton St. 
Chicago - - = = 3642 Jasper Place 
San Francisco - - = = 1050 Mission St. 





WELDING AND CUTTING APPARATUS 


WORLD’S LARGEST MANUFACTURERS OF WELDING AND CUTTING EQUIPMENT 























ADVERTISING 159 





ACETYLENE FROM CAKES ] 


The most modern, efficient and safest source 
of acetylene supply—Carbic CAKES. 


Not an experiment. Hundreds of Carbic gen- 
erators using Carbic are in daily use on all 
kinds of welding and cutting work. 


The use of Carbic Cakes permits an ease of 
handling, a convenience and a safety not other- 
wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


CARBIC MFG. CO. 


Duluth, Mina. New York, 141-149 Centre St. 
pn pressure, Boston, 27 School Street Chicago, 565 W. Wash. Bivd. 
Weight, rareea— The Hendrie & Bolthoff Mfg. & Supply Co., Denver, Colorado. 
Senet standard Weodward, Wright & Company, New Orleans, La. 


by Fire Underwriters’ 3 , in ee 
slit 7 ——~ aaa Offices and Representatives in other principal Cities 











ROEBLING 
Welding Wire 


Conforms to the specifications 
of the American Welding Society 


Exacting tests have proven 

the reliability of Roebling 
Welding Electrodes. They are 
uniform throughout and make 


the strongest welds with the least trouble in 
welding. 


John A. Roebling’s Sons Company 
TRENTON, NEW JERSEY 
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OTOTOTOTOTOIOTOIOTOTOTUIUTUTUlUulrvelulrulrury 
Rail Welding in the 
Electric Railway Field 











The problem of combining low initial 
cost with the elimination of 
future maintenance 


PIDIDIDI IID Ichi 


fas a) 4 


The Thermit Insert Rail Joint has solved the question in 
its own particular field, by affording a means of joining 
rail by which the initial cost is kept as low as by any 
other method, and the cost of maintenance kept even 
lower—so low, in fact, that it is practically nil. 


iB 


DIBIPIIIDID IID ID IPI a) 


The initial cost of the Thermit joint is low, com- 
pared with other methods because 


(a) It does away completely with the cost of plates, 
bolts and bonding. 


(b) It enables the track force to work efficiently, with 
no idle time. 


(c) It requires a minimum of outside sources of power. 


(d) It is possible to use a lighter rail than would other- 
wise be required, for the usual weak point, the end 
of the rail, is completely eliminated. 


It does away with maintenance because 


(a) The joint lasts as long as the rail itself. 


(b) There is no digging of pavement later on to tighten 
loose plates. 


(c) The absence of pounding at the joint protects the 
pavement—no patching—no unsightly gaps and 
holes on the right of way. 


No current losses through defective bonding. 


No shock to rolling stock every sixty feet, as there 
is on unwelded tracks. 


(f) No name iene worry of any sort about your 
track. 


Thermit Insert Rail Welds have stood the test of time. 
“The First Cost is the Last Cost—Maintenance Nil.” 


METAL & THERMIT CORPORATION 
120 Broadway New York, N. Y. 


Pittsburgh Chicago Boston South San Francisco Toronto 
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A WELDING MACHINE YOU CAN 
DEPEND UPON UNDER MOST 
TRYING CONDITIONS 


Compact——No coupling to get out of alignment. 


No Exciter—The welding generator is self-exciting. 
peepee welding ef ractes | throughout entire 
range. th 


1 diectan as welding current from 50 to 
300 amperes for continuous service. 


Let us send you more _ information. 


STI uc COMPANY 
, PA. 
Offices: 
Cleveland: | New York Pittsburgh 
Detroit Philadelphie 
‘Salen s Agencies: 


a Chicag 
) Western Welding & ey Hae Co. 























Buy Your Oxygen 
On Specification 
For Purity 
Airco Oxygen Is 99.5% Pure in the Cylinder 


The Purest Oxygen Is Always 
the Most Economical 


AIR REDUCTION SALES CO. 


Manufacturer of Airco Oxygen, Acetylene and Calorene 
Airco-Davis-Bournonville Equipment and Supplies 
Controls the Manufacture and Sale of National Carbide 


Home Office: 342 Madison Avenue, New York City 


26 Airco Oxygen Plants 23 Airco Acetylene Plants 2 Airco Calorene Plants 
16 Airco Digtrict Offices 14 Airco Repair Stations 81 Airco Distributing Points 
Airco Apparatus Factories and Laboratories at Jersey City and Elizabethyort, N. J. 


Anything and Everything for Oxyacetylene Welding and Cutting 


Copyright 1925, Air Reduction Sales Co. 
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